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Description 

Technical Raid CCOic 

The present invention relates generally to comoositinnc an* mofhnde w * 
dependent diseases, and more specifically to co^S LS 9 ^ 0th6r an ^ enic - 

stents which have been coated wTsuch LpS and **<•. 

unions, as well as methods for utilizing these stents and compositions. 

Background Of The Invontifln 

the formation of on. or more tumo^S^S f fle 3vlrS^ * ""l"*'*' most ,eadsto 
even if detected early, are still incurabir U9ncanCens ° enera ">' ^^''y^agnwed than in the past, many forms. 

treat*^^^^^ ^ «*- »»«-~ ■ 

brain, colon and hepatic *° M 7* tyP * 01 ranC8r ' «* « breast, 

treated with a conization T^S^^l^^^^"^' lnadd '*°n to surgery, many cancers are also 
atin. methotrexate. S-mZ^^^^^^^ZT "** ^ Mn *' ***** 
tic and chemotherapeutic ag.rWeSftTo^ ^ isthat ^fothempeu- 

these approaches often hav^ extremely high SSSfon «J? "^eatenmg skle effects. In addrtion. 

syatemTSr^^^^^ 

nems as adjuvants in * oTitS fo° SE^TS 6 - 01 baCteria ' 0r ^ con ^ 
Biotherapy." Oldham (ed.). Raven Pre* ilTS SSSSS ^eeffenera/Zy 'Principles of Cancer 
as nonspecific stimulants in animal XST^S 52 ^V 8 ?"?^ been useful 98 and 

Lymphokines have also been uS StetS of ^ R ^ " enera " v eftectiva *" h"™ns. 

ce"s.andgenera..y have an effect on sp^^^ 

include InterleuWns (ILR -2, -3. and * as^^^^Z JT"*'* 9 ^*- ^"P'es of lymphokines 
Recently, one group has utilized l^^^^S^^T ** °^ F ' GM - CSF ' *« M -° SF - 

-og^S^ 

cells. These antibodies, or "magic bSTnl be^X'J ^ ' * ** °" e " nCr Ce " S "^ ra) * «rmrt 
targe, and kill tumor cel.s m^T^^Zty^ZZe^Z^T^ V - " h 0rdef ,0 «"«*■* 
Ltd.. New York. ,987). However, one diff 3 ^s^h^m^ ^en Press, 

sensrtivity against the murine antibody may limit its eff icaev r^ZZ « 3 6 °* munne °"S ,n . a "d thus hyper- 
include fever, sweats and chills. sKn HXSE T^e reP63,ed Con "" n 

One addrtional difficulty of present methods is that local recurrence and local 
lenge in the treatment of malignancy. In particular a total of ^ 000 ^tS^fi !! , 1"°*™ 3 ma ' or chaN 
ease (no evidence of distant metaaatic spread at theimi £ * ° n U&) have ,0caJfeed dis " 

diagnosed with malignancy (this does noting nmmel^o™ ?lt^ ' *" repreSentS 64,6 * a " those P"*"* 
of these patients, surgical resectioTof ti^^ 

be cured after the JL treatnS ^255513^% ZSSSH^^ ^ ^ 
relapse after the initial treatment. Of those who Sans? 2' ( ? ^ ? pat,6rtS "* ,oca,ized «* 

ease amounts to 1 33.000 patiente TmSSSZ 1^*£?ZT T 10 l0Cal recufrence of the dis " 

dueto^slammetastasesoTthelrsel^^^^ 

whose mortal* J2!SS,!S25 KEEK^St, 1 Sf? 9 ^ J"" 1 * h ,he U & and 
tomy. modified radical mastectomy, or lurrpectomv TemlfnTt^ S ^ ****** *" 0Ugh radical mas,ec - 
39% of those treated wrth lumpectomy iSSS^^i T * ^T™"" Ws COndilioa Unfortunately, 
of those in which the reseeZmaZ ^^^^^^T^^^'^^^^^ 
rences wil. occur within 2 cm oSSS^^ 

aion^r^ss:^ 

-ease the s,e o, .e hepatic ° syS^che^ 
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reduces lesions in 15-20%. and 80% of patients, respectively), the lesions invariably reoccur. Surgical resection of liver 
metastases represents the only possibility for a cure, but such a procedure is possible in only 5% of patients with metas- 
tases, and in only 1 5-20% of patients with primary hepatic cancer. 

One method that has been attempted for the treatment of tumors with limited success is therapeutic embolization 
Briefly, blood vessels which nourish a tumor are deliberately blocked by injection of an embolic material into the vessels. 
A variety of materials have been attempted in this regard, including autologous substances such as fat, Wood clot, and 
chopped muscle fragments, as well as artificial materials such as wool, cotton, steel balls, plastic or glass beads' tan- 
talum powder, silicone compounds, radioactive particles, sterile absorbable gelatin sponge (Sterispon. Gelfoam) oxi- 
dized cellulose (Oxycel), steel coils, alcohol, lyophilized human dura mater (Lyodura), microfibrillar collagen (Avitene), 
collagen fibrils (Tachotop). polyvinyl alcohol sponge (PVA; Ivalon), Barium-impregnated silicon spheres (Biss) and 
detachable balloons. The size of liver metastases maybe temporarily decreased utilizing such methods, but tumors typ- 
ically respond by causing the growth of new blood vessels into the tumor. 

A related problem to tumor formation is the development of cancerous blockages which inhibit the flow of material 
through body passageways, such as the bile ducts, trachea, esophagus, vasculature and urethra. One device,.the stent 
has been developed in order to hold open passageways which have been blocked by tumors or other substances. Rep- 
resentative examples of common stents include the Wallstent Strecker stent Gianturco stent and the Palmaz stent. 
The major problem with stents, however, is that they do not prevent the ingrowth of tumor or inflammatory material 
through the interstices of the stent. If this materia] reaches the inside of a stent and compromises the stent lumen, it 
may result in blockage of the body passageway into which it has been inserted. In addition, presence of a stent in the 
body may induce reactive or inflammatory tissue (e.g.. Wood vessels, fibroblasts, white blood cells) to enter the stent 
lumen, resulting in partial or complete closure of the stent 

The present invention provides compositions and methods suitable for treating cancers and other angiogenesis- 
dependertt diseases which address the problems associated with the procedures discussed above, and further pro- 
vides other related advantages. 

Summary of the Invention 



Briefly stated, the present invention provides anti-angiogenic compositions, as well as methods and devices which 
utilize such compositions for the treatment of cancer and other angiogenesis-dependent diseases. Within one aspect 
of the present invention, compositions are provided (hereinafter referred to as "anti-angiogenic compositions") compris- 
ing (a) an anti-angiogenic factor and (b) a polymeric carrier. A wide variety of molecules may be utilized within the scope 
of the present invention as anti-angiogenic factors, including for example Anti-Invasive Factor, retinoic acids and their 
derivatives, taxol, taxol analogues and taxol derivatives, and members of the group consisting of Suramin, Tissue Inhib- 
itor of Metalloproteinase-1 . Tissue Inhibitor of Metalloproteinase-2. Plasminogen Activator Inhibitor-! and Plasminogen 
Activator lnhibitor-2. Similarly, a wide variety of polymeric carriers may be utilized, representative examples of which 
include poly(ethylene-vinyl acetate) crosslinked with 40% vinyl acetate, poly (lactic-co-glycolic acid), polycaprolactone 
polylactic acid, copolymers of poly(ethylene-vinyl acetate) crosslinked with 40% vinyl acetate and polylactic acid, and 
copolymers of polylactic acid and polycaprolactone. Within one embodiment of the invention, the composition has an 
average size of 1 5 to 200 jim. 

Within another aspect of the present invention methods for embolizing a blood vessel are provided, comprising the 
step of delivering into the vessel a therapeutically effective amount of an anti-angiogenic composition (as described 
above), such that the Wood vessel is effectively occluded. Within one embodiment, the anti-angiogenic composition is 
delivered to a blood vessel which nourishes a tumor. 

Within yet another aspect of the present invention, stents are provided comprising a generally tubular structure, the 
surface being coated with one or more anti-angiogenic compositions. Within other aspects of the present invention, 
methods are provided for expanding the lumen of a body passageway, comprising inserting a stent into the passage^ 
way. the stent having a generally tubular structure, the surface of the structure being coated with an anti-angiogenic 
composition as described above, such that the passageway is expanded. Within various embodiments of the invention, 
methods are provided for eliminating biliary obstructions, comprising inserting a biliary stent into a biliary passageway; 
for eliminating urethral obstructions, comprising inserting a urethral stent into a urethra; for eliminating esophageal 
obstructions, comprising inserting an esophageal stent into an esophagus; and eliminating tracheat/bronchial obstruc- 
tions, comprising inserting a trachealbronchial stent into the trachea or bronchi: In each of these embodiments, the 
stent has a generally tubular-structure, the surface of which is coated with an anti-angiogenic composition as described 
above. 

Within another aspect of the present invention, methods are provided for treating tumor excision sites, comprising 
administering an anti-angiogenic composition as described above to the resection margins of a tumor subsequent to 
excision, such that the local recurrence of cancer and the formation of new Wood vessels at the site is inhibited. Within 
yet another aspect of the invention, methods for treating corneal neovascularization are provided, comprising the step 
of administering a therapeutically effective amount of an anti-angiogenic composition as described above to the cornea 
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such that the formation of Wood vessels is inhibited within „„« fc 

comorises a topical corticosteroid. WMh " ° n * embod,me,rt ' Angiogenic composition further 

Within another aspect of the present invention methrv* o^hoh <~ -u ,.- ■ 
non-tumorigenic. angiogenesis-dependent diseases ^? - lbrtin ° ^OO 6 '"** in patients with 

* composifion conprtefc?taxol to a^STvSTS SET? «jn,n,stermg a therapeutically effective amount of a 
mation of new blood vessels is inhStTSn Z eS^S^ST^" 1 disaas * such «« •* 
non-tumorigenic. angiogenesis-dependent dise^L f ** emb °'*n9 blood vessels in 

amount of a composition corrpn^ ^ ^^^S'^"^ * e vesse « « therapeutically effective 
Wrthin yet other aspects of the Dresent^rZTll^ effectively ©celled. 

» sageway. ^ngirLt^ *» the lumen of a body pas- 

of the structure being coated with a conSn^SS ^oT^Zfl*'™^ *° ■*» 

out embodiments of the invention, methSsare praSS SnS S Jj^""* * 6Xpanded 

a bi.iary passageway; tor e.iminafngTrS 1 S SSS^^^ insertin S a bi| - 
urethra; for eliminating esophageal obstructions, comori^^ "T 5 ,nsertinfl 8 ureth,al «** a 

« eliminating trachealAmncL St>JSonT^S2^ZZ T*"?? *"* im an ""P*** 
Within each of these embodiments the ^m^^^Zt,^ "*° tracnea or 

with a composition comprising taxol 9 X * Sfructure ' the * the structure being coated 

J *™ -* comprising 

veterinary administration to treat norMurntt^ ESJlSSX * *" aBe " Cy * *• taxo1 ' for hu ™ or 

the use of a pharmaceutical agen Tin iZZZl ependemd,sea «*- Briefly. Federal Law requires that 
Responsibilrty for enforcen^T^^ * * e *** 9-ernment 

ate regulations tor securing such approval. dSSdh 2 7S IcSlS £ ^TT^ issues appropri- 
prising products made from the tissues of animate. * * so '2?£l*5\ , cT'f °" b, ' ol09ica, TO,erials 
by most countries. aKhough. regulations may^m »^ to " ^ § ^ ^ ^ is 

d -P^S^^ to »e tol^ng de^ed 

tan Procedures or common*, and are 

Brigf Description of th ft nr^in^ 

P-aySe^raTr^^ J* * ,B te a digged computer-dis- 

which shows CAM microvascular mmaTef* JSTSE^ 98 (104 ° X) - R9ure 10 is a corrosi °" casting 
mm thickptes^c section cut iSSSSSKS 22X355 ^T* 13 °° X) ^ 10 de P icts a " 
shows the compositfon of the CAM. indudirJS >Zr^*™^^™°^ level ™* Paraph 
"llanes (arrows) and scattered adverrtitila ceUs and a Jn^f, !L 1 ? (Ec) ' a mesoderm (M) containing cap- 
a ^<^"*^.ev^ 

cells, (errowheeds) and an associated pericyte ^"ary structure is presented showmg thin-walled endothelial 

exp^rSia^ 

treaSc^ae^^ 

SA^a^cVe^ 

JS^ISSZ^^ the SiZe - by number (5% ELVAX with to mg 

surenr ( "o 6 5%%^VAr hWhiChd ^ 

Figure 9 te a bar graph which dSSSSSSS^S^ ^ h ELVAX - 
suramin made in 5% PVA containingTo% NaCI °** ,t * lb0n 0f 5% ™crospheres containing 10 mg sodium 
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Figure 10 is a bar graph which depicts the size distribution by weight of 5% PLL microspheres containing 10 mg 
sodium suramin made in 5% PVA containing 10% NaCI. 

Figure 11 is a bar graph which depicts the size distribution by number of 5% PLL microspheres containing 10 mg 
sodium suramin made in 5% PVA containing 10% NaCI. 
5 Figure 12 is a line graph which depicts the time course of sodium suramin release. 

Figure 13 is an illustration of a representative embodiment of hepatic tumor embolization. 

Figure 14 is an illustration of the insertion of a representative stent coated with an anti-angiogenic composition of 
the present invention. 

Figure 15A is a graph which shows the effect of the EVA:PLA polymer blend ratio upon aggregation of micro- 
10 spheres. Rgure 15B is a scanning electron micrograph which shows the size of "small" microspheres. Figure 15C is a 
scanning electron micrograph which shows the size of large" microspheres. Figure 15D is a graph which depicts the 
time course of in vitro taxol release from 0.6% w/v taxoMoaded 50:50 EVA:PLA polymer Wend microspheres into phos- 
phate buffered saline (pH 7.4) at 37°C. Open circles are "small" sized microspheres, and closed circles are "large" sized 
microspheres. Figure 15E is a photograph of a CAM which shows the results of taxol release by microspheres ("MS"). 
15 Figure 1 5F is a photograph similar to that of 1 5E at increased magnification. 

Figure 16 is a graph which shows release rate prof Pes from poiycaprolactone microspheres containing 1%, 2%, 5% 
or 10% taxol into phosphate buffered saline at 37°C. Rgure 16B is a photograph which shows a CAM treated with con- 
trol microspheres. Figure 16C is a photograph which shows a CAM treated with 5% taxol loaded microspheres. 

Figures 1 7A and 1 7B, respectively, are two graphs which show the release of taxol from EVA films, and the percent 
20 taxol remaining in those same films over time. Figure 17C is a graph which shows the swelling of EVA/F127 films with 
no taxol over time. Rgure 1 7D is a graph which shows the swelling of EVA/Span 80 films with no taxol over time. Figure 
1 7E is a graph which depicts a stress vs. strain curve for various EVA/F127 blends. 

Figures 18A and 18B are two graphs which show the melting point of PCL/MePEG polymer blends as a function of 
% MePEG in the formulation (18A). and the percent increase in time needed for PCL paste at 60°C to begin to solidify 
25 as a function of the amount of MePEG in the formulation (18B). Rgure 18C is a graph which depicts the brittleness of 
varying PCUMePEG polymer Wends. Figure 18D is a graph which shows the percent weight change over time for pol- 
ymer blends of various MePEG concentrations. Figure 18E is a graph which depicts the rate of taxol release over time 
from various polymer blends loaded with 1% taxol. Figures 18F and 18G are graphs which depict the effect of varying 
quantities of taxol on the total amount of taxol released from a 20%MePEG/PCL blend. Figure 18H is a graph which 
30 depicts the effect of MePEG on the tensile strength of a MePEG/PCL polymer. 

Rgure 19A is a photograph which shows control (unloaded) thermopaste on a CAM. Figure 1 9B is a photograph of 
20% taxoMoaded thermopaste on a CAM. 

Figures 20A and 20B are two photographs of a CAM having a tumor treated with control (unloaded) thermopaste. 
Rgures 20C and 20D are two photographs of a CAM having a tumor treated with taxol-loaded thermopaste. 
35 Figure 21 A is a graph which shows the effect of taxol/PCL on tumor growth. Figures 21 B and 21 C are two photo- 
graphs which show the effect of control. 10%. and 20% taxol-loaded thermopaste on tumor growth. 

Figure 22A is a photograph of synovium from a PBS injected joint. Figure 22B is a photograph of synovium from a 
microsphere injected joint. Rgure 22C is a photograph of cartilage from joints injected with PBS. and Rgure 22D is a 
photograph of cartilage from joints injected with microspheres. 

40 

Detailed Description of the Invention 

As noted above, the present invention provides methods and compositions which utilize anti-angiogenic factors. 
Briefly, within the context of the present invention, antiangiogenic factors should be understood to include any protein. 

45 peptide chemical or other molecule which acts to inhibit vascular growth. A variety of methods may be readily utilized 
to determine the anti-angiogenic activity of a given factor, including for example, chick chorioallantoic membrane 
("CAM") assays. Briefly, as described in more detail below in Examples 2A and 2C. a portion of the shell from a freshly 
fertilized chicken egg is removed, and a methyl cellulose disk containing a sample of the anti-angiogenic factor to be 
tested is placed on the membrane. After several days {e.g., 48 hours), inhibition of vascular growth by the sample to be 

so tested may be readily determined by visualization of the chick chorioallantoic membrane in the region surrounding the 
methyl cellulose disk. Inhibition of vascular growth may also be determined quantitatively, for example, by determining 
the number and size of blood vessels surrounding the methyl cellulose disk, as compared to a control methyl cellulose 
disk. Particularly preferred anti-angiogenic factors suitable for use within the present invention completely inhibit the for- 
mation of new blood vessels in the assay described above. 

55 A variety of assays may also be utilized to determine the efficacy of anti-angiogenic factors in vivo, including for 
example, mouse models which have been developed for this purpose (see Roberston et al., Cancer. Res. 57:1339- 
1344, 1991). In addition, a variety of representative in vivo assays relating to various aspects of the inventions 
described herein have been described in more detail below in Examples 5 to 7, and 17 to 19. 

As noted above, the present invention provides compositions comprising an anti-angiogenic factor and a polymeric 
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carrier. Briefly, a wide variety of anti-angiogenic factor?: m«« k -r. ^ - . 

group consisting of Suramin. Tissue Inhibitor of mSSSSS ^ e T^*""* a * ™"*ers of 
m.nogen Activator Inhibitor- 1 and Plasminogen ^T^TZLI^l^^ °* ""proteinase* P? as 
5 cussed,nmoredeta«belo*. cavator lnh.b.tor.2 . These and other anti-angiogenic factors will be Z 

Briefly. Anti-Invasive Factor, or "AIR which is prepared from m 
which are responsible for inhibiting the growth of tSS^T^^lT^ ' S ^ to conlain constituents 
™^larweiB«p ro teins(^ comprise a family of 7 low 

m of the Vascular System, Pitman BoiSlSLSS!? * "^^zation by a cartilage factor" 

SfE 346, 1975: Lan ° efe,a '- fSJTO-T^gTaSH^L^,^ 88868 (Bsentein « * 

atte for use wrthin me present invention maybe readily „£^?±* aence ,W: «42-134S, 1978). AIF surt- 
ax Kuettnerand Paufi. supra; and Tang* -et al JZT* techmques *nown in the art (e. ff .. EisentS. 
lnh,brtor CCDI") (see Moses etal. toe^Jw^uw ^ Caktege^oIrTvS 
context* thepresentinverrton. •^ ence24a ' 408 ^. «90) may also be readily prepared and utilizedSnTe 

ang^eniceffectof transretinoicacid Re.^^ 

* and derivatives of taxol such as, for examolJ ^J^T J^t Should 06 understood herein to indude analnm!!! 

IL^ Pa,6nt N0S - S- 29 *-"^ 5.283.253 " ^27794^5 «4 1^^J^- ^ 94/D7876 - W 9312355* 

dermal growth factor ("EGF-). transfoming^^S^ 88 derived 9rowth "ctor fPOGn S" 
Qrowth factor CpFGF,. Suramin may be p^S ffi ). '"s^n-like growth factor flGF-n and^ocSst 

m^oprcrte.nases. thereby suppressing me irSaston of tS veTei St ?T*T * Wndin ^vatS 
Metalloprote.nases-2 (TIMP-2-) may also be utilized toinSl^ 6 extracellu| a r "*«rix. Tiss. .nhibitor of 

40 Protein which binds to metal^rote^s^blt! ang-ogenes-s. Briefly. TIMP-2 is a 21 K Sa nongiyc* 

T.MP-2 may be obtained from oomm«*E£ Z^%£Z "ST^™*™ *» ™^ 

Plasminogen Activator Inhibitor - 1 <pa> is a w lT , Syneraen - ^""der. Cdorado. 
be synthesized by endothelial ceS JffiSI SKSS^^ PreSem in *« and can also 

basdateral site of me endomelium and aS ^SZf T a * vatc?at me 

2 (PAI-2) 6 generally found only in me Wood under certain L?™ ^ 8 Pr0C8S& P'^nogen Activator Inhibitor 
tumors. Briefly. PAI-2 is a 56 kDa pnJ^Z^J?™"*** * U * aS in pre 9 nanc * *<" « the presence^ 
'Mnofyac adivity. and in Prteu*XT!£^ « ^ophages. ft is be«evi to egXe 

preventing f brindysis. Ur0K,naSe P 188 ™"*^ actuator and tissue plasminogen activator mereby 

2s? M ^ #P45o5,; su,phat * 0^;?^ 

#C364i ;M urataetal.. Cancer fles. 57:22-26 WlVSulS^iS, 2 6 " ^ 8he,ls >' t®"™ Chemical Co 
uncfton of mis compound may be enhancJ ^ by ™t£^J££^ ******* Complex (SP-PG) (me 
rosponne (S-gma Chemical Co.. #S4400): MoSSS^EJ *? 6Str ° 9en ^ tamoxifen «= ifra te): Stau 
azet.d.ne-2-carboxylic acid (UCA) (Sigma ChanteTnl ^f" 11 ™' ,ncludiR 9 ,or ^errple. proline analoos /m 
Chemica, Co.. #00265). Tt^oi^ 

arn.noprop.onrtrile fumarate (Sigma Choice. cT^JS 1 :^^ (Si9ma Chemica ' Co - *D7505?.T 
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Heparin (Fblkman. Bio. Phar. 34:905-909. 1985; Sigma Chemical Co.. #P8754); Interferons (e^.. Sigma Chemical Co., 
#13265); 2 Macroglobulin-serum (Sigma Chemical Co.. #M7151); ChiMP-3 (Pavloff et at.. J. Bio. Chem. 267:1732V 
1 7326. 1992); Chymostatin (Sigma Chemical Co.. #C7268; Tomkinson et aL, Biochem J. 256:475-480. 1992); p-Cydo- 
dextrin Tetradecasulfate (Sigma Chemical Co.. #C4767); Eponemycin; Estramustine (available from Sigma; Wang and 

5 Stearns Cancer Res. 46:6262-6271. 1988); Fumagillin (Sigma Chemical Co.. #F6771 ; Canadian Patent No. 2.024.306; 
Ingber et al.. Nature 346:555-557. 1990); Gold Sodium Thiomalate ("GST; Sigma:G4022; Maisubara and Ziff. J. Clin 
Invest. 79:1440-1446. 1987); (D-Peniciitamine ("CDPr; Sigma Chemical Co.. #P4875 or P5000(HCI)); p-1-anticolla- 
genase-serum; a2-antiplasmin (Sigma Chem. Co.:A09l4; Holmes et al.. J. Biol Chem. 262(A): 1659-1664, 1987); 
Bisantrene (National Cancer Institute); Lobenzarit disodium (N-(2)-carboxyphenyl-4-chioroanthroniiic acid disodium or 

io "CCA"; Takeuchi et al.. Agents Actions 36:312-316, 1992); Thalidomide, Angiostatic steroid, AGM-1470. carboxyami- 
noimidazole, metalloproteinase inhibitors such as BB94 and the peptide CDPGYIGSR-NHfe (SEQUENCE ID NO. 1) 
(Iwakj Glass. Tokyo. Japan). 

Anti-angiogenic compositions of the present invention may additionally comprise a wide variety of compounds in 
addition to the anti-angiogenic factor and polymeric carrier. For example, anti-angiogenic compositions of the present 
is invention may also, within certain embodiments of the invention, also comprise one or more antibiotics, anti-inf lamato- 
ries, anti-viral agents, anti-fungal agents and/or anti-protozoal agents. Representative examples of antibiotics included 
within the compositions described herein include: penicillins; cephalosporins such as cefadroxil, cefazolin. cefaclor; 
aminoglycosides such as gentamycin and tobramycin; sulfonamides such as sulfamethoxazole; and metronidazole. 
Representative examples of anti-inflammatories include: steroids such as prednisone, prednisolone, hydrocortisone, 

20 adrenocorticotropic hormone, ami sulfasalazine; and non-steroidal anti-inflammatory drugs ("NSAIDS") such as aspi- 
rin, ibuprofen. naproxen, fenoporfen, indomethacin. and phenylbutazone. Representative examples of antiviral agents 
include acyclovir, ganciclovir, zidovudine. Representative examples of antifungal agents include: nystatin, ketocona- 
zole. griseofurvin, flucytosine, miconazole, dotrimazola Representative examples of antiprotozoal agents include: pen- 
tamidine isethionate, quinine, chloroquine. and mefloquine. 

25 Anti-angiogenic compositions of the present invention may also contain one or more hormones such as thyroid hor- 
mone, estrogen, progesterone, cortisone and/or growth hormone, other biologically active molecules such as insulin, 
as well as T H1 (e.g.. Interleukins -2. -12. and -15. gamma interferon or T H2 (e.g.. Interleukins -4 and -10) cytokines. 

Anti-angiogenic compositions of the present invention may also comprise additional ingredients such as sur- 
factants (either hydrophilic or hydrophobic; see Example 13), antineoplastic or chemotherapeutic agents (e.g., 5-fiuor- 

30 ouracil, vinblastine, doxyrubicin, adriamycin, or tamocifen), radioactive agents (e.g., Cu-64, Ga-67, Ga-68, Zr-89. Ru- 
97, Tc-99m. Rh-105. Pd-109. ln-111, 1-123. 1-125, 1-131, Re-186. Re-188. Au-198. Au-199. Pb-203, At-211. Pb-212and 
Bi-212) or toxins (e.g., ricin, abrin, diptheria toxin, cholera toxin, gelonin, pokeweed antiviral protein, tritin. Shigella toxin, 
and Pseudomonas exotoxin A). 

As noted above, anti-angiogenic compositions of the present invention comprise an anti-angiogenic factor and a 

35 polymeric carrier. In addition to the wide array of anti-angiogenic factors and other compounds discussed above, anti- 
angiogenic compositions of the present invention may include a wide variety of polymeric carriers, including for example 
both biodegradable and non-biodegradable compositions. Representative examples of biodegradable compositions 
include albumin, gelatin, starch, cellulose, destrans. polysaccharides, fibrinogen, poly (d.l lactide), poly (d.l-lactide-co- 
glycolide), poly (glycolide), poly (hydroxybutyrate). poly (alkylcarbonate) and poly (orthoesters) (see generally, Ilium. L, 

40 Davids. S.S. (eds.) "Polymers in controlled Drug Delivery- Wright, Bristol. 1987; Arshady. J. Controlled Release 77;1- 
22. 1991; Pitt. Int. J. Phar. 59:173-196, 1990; Holland etal.. J. Controlled Release 4:155-0180. 1986). Representative 
examples of nondegradable polymers include EVA copolymers, silicone rubber and poly (methylmethacrylate). Partic- 
ularly preferred polymeric carriers include EVA copolymer (e.g., ELVAX 40, poly(ethytene-vinyi acetate) crosslinked 
with 40% vinyl acetate; DuPont). poly(lactic-co-glycolic acid), polycaprdactone, polylactic acid, copolymers of poly(eth- 

45 ylene-vinyl acetate) crosslinked with 40% vinyl acetate and polylactic acid, and copolymers of polylactic acid and poly- 
caproiactone. 

Polymeric carriers may be fashioned in a variety of forms, including for example, as nanospheres or microspheres, 
rod-shaped devices, pellets, slabs, or capsules (see, e.g. Goodell et al.. Am. J. Hosp. Pharm. 43:1454-1461. 1986: 
Langer et al., "Controlled release of macromolecules from polymers", in Biomedical polymers, Polymeric materials and 
so pharmaceuticals for biomedical use, Goldberg, E.P., Nakagim, A. (eds.) Academic Press, pp. 113-137, 1980: Rhine et 
al.. J. Pharm. Sci. 69:265-270. 1980; Brown et al.. J. Pharm. Sci. 72:1181-1185. 1983: and Bawa et al. J Controlled 
Release 7:259-267. 1985). 

Preferably, anti-angiogenic compositions of the present invention (which comprise one or more anti-angiogenic fac- 
tors, and a polymeric carrier) are fashioned in a manner appropriate to the intended use. Within preferred aspects of 
ss the present invention, the anti-angiogenic composition should be biocompatible, and release one or more anti-ang- 
iogenic factors over a period of several weeks to months. In addition, anti-angiogenic compositions of the present inven- 
tion should preferably be stable for several months and capable of being produced and maintained under sterile 
conditions. 

Within certain aspects of the present invention, anti-angiogenic compositions may be fashioned in any size ranging 



7 



EP0 797 988 A2 



w 



15 



20 



25 



•ogenic composition in microspheres of between wSS!fa^SS^ the anti-ang 

ably, behveen 25 arxn 50 pm. Such r*Cr^^ 15 and 200 « and •«* p£J. 

or coating. Nanopartides (also termed "nanosphere^ n™rbT^eSS!l " T' "*> 8 «™ 

'mm ,a 1 Mm to 3 Mm. from 10 pm to 30 pm. Z lZ£%Z 5122,^'*^^ 

Anti-angiogenic compositions may also be oreoar,* «Jh, „ ^ 
applications. For example, for the administration SSSafZ^n^T^^^ ^ 8 ^ <* «her 
present .nvention may be incorporated into polymarnlTSSS^ *«* to the cornea, the compositions of the 
7*169.176. 1991; Couvreur and vauthier. dSSSSS^ ^J 6 "^' d Contr °'^ ***** 

^•/applied as a "spray, which scries £IS^Si SSSJ^' 8 "* nan0partde *o be 

temperature ( e .,.. tempe ratiire greater than 37-C. sS as SKEW ST Ef ,k,ukl * « 

another temperature <e.g., ambient body temperate "r arw terofS™ Sl^P " 60 C)> and so,id w semi -s^ at 

°J ^ «cK and most preferably less man "50^ to luolmilS S fT*** ° 75 ™^ 
ale strength (e.g.. greater than SO. preferably greateTthan X u2 ^^^rabfy flexible with a good ten- 
good adhesive properties (/.e. , readily adheSs £ LSSJETISS"^ fl "*" r ,ha " 1 50 or 200 N/cm2 )- 
tive examples of such films are set forth below in SS^l toSS ^n, 0 ^ 0 "* Permeabi,i * 

Representative examples of the ino^«,^ • 9 " "^P'e 13). 

describe more oZZZ Tn B^^^ZlT^^ lu * 35 into a *^ ari ' "rriers are 

ARTFRIAI mm 



35 



40 



45 



SO 



55 



In addition to the compositions described aba/e th» nr^^ . 

are provided for embolizing a blood vessel, ampritino 0<the preserrt Mention methods 

amount of an anti-angiogenic composition £222 JS? 22! EEJT" 1 a affective 
Therapeutically effective amounts suitable tor ocdJi^N^ !, ' me blood v essel is effectively occluded 
proved below, arx! as descrfeed in Smp, e fSSS.^Ti* T 66 r6adi,y determined thecSosure 

.njecting anti-angiogenic compositions of the^sem inSnlr^!, h *** ** may be «complished by 
tioned catheter (see Figure 13). The c«*o2222? Z1EL!, T - ^ V6SSe ' mrou9h a selec,ivel V P««- 
ture. thereby physically (or chemically) «33S "tSSSd^L^? 'I 69 " 1 Um " " b6COmes wedaed in the vascula- 
area results in infarction (cell death due to " ^^J^V^ 

damaged vessel. 'nadequate supply of oxygen and nutrients) or reduced blood loss from a 

^^S^S^S^S ° f ^ ^ inve ^ « ^y non-toxic 

arable in different shapes or sizes at the S^^^^^^^^^^^ 
slow W eally. over a period of several weeks to rnonX) «S» £ ^2 «W*w Preferably result in the 

ang-ogenic c«npositions should have a preScSSe of SST ««tor- Particularly preferred anti! 

Preferably, they should not dump into e" ^ into the oscular system. 

in the management of neoDlasm^- ma 

Brief,, benig n ^o^^^^^^^^^^on: and (3) for pa.,iat^e eSoS 
include simple tumors of vascular origin (e a haemano^f fT^ ° ,herapy a,bne - Exam P ,es »' such tumors 
benign bone tumors. 9 Wl haeman 9'°mas), endoenne tumors such as parathyroid adenomas.Tnd 

^SreScS^e?^ 

dMMton a ,able malignant o*^tSSS2S^2,^ - ° Peratf ° n ' and reduoe *• tB 
-preopera^.incl.ingforexamp.enas^^^^ 



8 



EP0797 988 A2 



mas. and vagal neuromas. 

Embolization may also be utilized as a primary mode of treatment tor inoperable malignancies, in order to extend 
the survival time of patients with advanced disease. Embolization may produce a marked improvement in the quality of 
life of patients with malignant tumors by alleviating unpleasant symptoms such as bleeding, venous obstruction and tra- 
5 cheal compression. The greatest benefit from palliative tumor embolization, however, may be seen in patients suffering 
from the humoral effects of malignant endocrine tumors, wherein metastases from carcinoid tumors and other endo- 
crine neoplasms such as insulinomas and glucagonomas may be slow growing, and yet cause great distress by virtue 
of the endocrine syndromes which they produce. 

In general, embolization therapy utilizing anti-angiogenic compositions of the present invention is typically per- 
10 formed in a similar manner, regardless of the site. Briefly, angiography (a road map of the blood vessels) of the area to 
be embolized is first performed by injecting radiopaque contrast through a catheter inserted into an artery or vein 
(depending on the site to be embolized) as an X-ray is taken. The catheter may be inserted either percutaneously or by 
surgery. The blood vessel is then embolized by refluxing anti-angiogenic compositions of the present invention through 
the catheter, until flow is observed to cease. Occlusion may be confirmed by repeating the angiogram. 
is Embolization therapy generally results in the distribution of compositions containing anti-angiogenic factors 
throughout the interstices of the tumor or vascular mass to be treated. The physical bulk of the embolic particles clog- 
ging the arterial lumen results in the occlusion of the Wood supply. In addition to this effect the presence of an anti-ang- 
iogenic factor(s) prevents the formation of new Wood vessels to supply the tumor or vascular mass, enhancing the 
devitalizing effect of cutting off the blood supply. 
20 Therefore, it should be evident that a wide variety of tumors may be embolized utilizing the compositions of the 
present invention. Briefly, tumors are typically divided into two classes: benign and malignant. In a benign tumor the 
cells retain their differentiated features and do not divide in a completely uncontrolled manner. In addition, the tumor is 
localized and nonmetastatic. In a malignant tumor, the cells become undifferentiated, do not respond to the body's 
growth and hormonal signals, and multiply in an uncontrolled manner; the tumor is invasive and capable of spreading 
2$ to distant sites (metastasizing). 

Within one aspect of the present invention, metastases (secondary tumors) of the liver may be treated utilizing 
embolization therapy. Briefly, a catheter is inserted via the femoral or brachial artery and advanced into the hepatic 
artery by steering it through the arterial system under fluoroscopic guidance. The catheter is advanced into the hepatic 
arterial tree as far as necessary to allow complete blockage of the Wood vessels supplying the tumor(s), while sparing 
so as many of the arterial branches supplying normal structures as possiWe. Ideally this will be a segmental branch of the 
hepatic artery, but it could be that the entire hepatic artery distal to the origin of the gastroduodenal artery, or even mul- 
tiple separate arteries, will need to be blocked depending on the extent of tumor and its individual Wood supply. Once 
the desired catheter position is achieved, the artery is embolized by injecting anti-angiogenic compositions (as 
described above) through the arterial catheter until flow in the artery to be blocked ceases, preferably even after obser- 
35 vation for 5 minutes. Occlusion of the artery may be confirmed by injecting radiopaque contrast through the catheter 
and demonstrating by fluoroscopy or X-ray film that the vessel which previously filled with contrast no longer does so. 
The same procedure may be repeated with each feeding artery to be occluded. 

As noted above, both benign and malignant tumors may be embolized utilizing compositions of the present inven- 
tion. Representative examples of benign hepatic tumors include Hepatocellular Adenoma, Cavernous Haemangioma. 
40 and Focal Nodular Hyperplasia. Other benign tumors, which are more rare and often do not have clinical manifesta- 
tions, may also be treated. These include Bile Duct Adenomas. Bile Duct Cystadenomas, Fibromas. Lipomas Leiomy- 
omas, Mesotheliomas. Teratomas. Myxomas, and Nodular Regenerative Hyperplasia. 

Malignant Hepatic Tumors are generally subdivided into two categories: primary and secondary. Primary tumors 
arise directly from the tissue in which they are found. Thus, a primary liver tumor is derived originally from the ceils 
45 which make up the liver tissue (such as hepatocytes and biliary cells). Representative examples of primary hepatic 
malignancies which may be treated by arterial embolization include Hepatocellularcarcinoma, Cholangiocarcinoma, 
Angiosarcoma. Cystadenocar-cinoma. Squamous Cell Carcinoma, and Hepatoblastoma. 

A secondary tumor, or metastasis, is a tumor which originated elsewhere in the body but has now spread to a dis- 
tant organ. The common routes for metastasis are direct growth into adjacent structures, spread through the vascular 
so or lymphatic systems, and tracking along tissue planes and body spaces (peritoneal fluid, cerebrospinal fluid, etc.). 
Secondary hepatic tumors are one of the most common causes of death in cancer patients and are by far and away the 
most common form of liver tumor. Although virtually any malignancy can metastasize to the liver, tumors which are most 
likely to spread to the liver include: cancer of the stomach, colon, and pancreas; melanoma; tumors of the lung, 
oropharynx, and Wadder; Hodgkin's and non-Hodgkin's lymphoma; tumors of the breast, ovary, and prostate. Each one 
55 of the above-named primary tumors has numerous different tumor types which may be treated by arterial embolization 
(for example, there are over 32 different types of ovarian cancer). 

As noted above, embolization therapy utilizing anti-angiogenic compositions of the present invention may also be 
applied to a variety of other clinical situations where it is desired to occlude blood vessels. Within one aspect of the 
present invention, arteriovenous malformation may be treated by administration of one of the above-described compo- 



9 



10 



IS 



20 



35 



40 



45 



50 



55 



EP0797988 A2 

sitions. Briefly, arteriovenous malformations (vascular 

(*« met typically, many) abnormal comarun^ ST"^ 1* * * ****** herein at least on* 
5.176.626. entitled -Indweifing Stent" W^VX^" - Expandab,e "* al ^"al G^? % 



55 



50 



10 



EP0797988A2 



structure being coated with an anti-angiogenic composition (or, an anti-angiogenic factor alone), such that the passage- 
way is expanded. A variety of embodiments are described below wherein the lumen of a body passageway is expanded 
in order to eliminate a biliary, esophogeal, tracheal/bronchial. urethral or vascula- obstruction. In addition, a represent- 
ative example is described in more detail below in Example 7. 

Generally, stents are inserted in a similar fashion regardless of the site or the disease being treated. Briefly, a pre- 
insertion examination, usually a diagnostic imaging procedure, endoscopy, or direct visualization at the time of surgery, 
is generally first performed in order to determine the appropriate positioning for stent insertion. A guidewire is then 
advanced through the lesion or proposed site of insertion, and over this is passed a delivery catheter which allows a 
stent in its collapsed form to be inserted. Typically, stents are capable of being compressed, so that they can be inserted 
through tiny cavities via small catheters, and then expanded to a larger diameter once they are at the desired location. 
Once expanded, the stent physically forces the walls of the passageway apart and holds it open. As such, they are 
capable of insertion via a small opening, and yet are still able to hold open a large diameter cavity or passageway The 
stent may be self-expanding (e.g., the Wallstent and Gianturco stents), balloon expandable (e.g., the Palmaz stent and 
Strecker scent), or implanted by a change in temperature (e.g. , the Nitinol stent). 

Stents are typically maneuvered into place under radiologic or direct visual control, taking particular care to place 
the stent precisely across the narrowing in the organ being treated. The delivery catheter is then removed, leaving the 
stent standing on its own as a scaffold. A post insertion examination, usually an x-ray. is often utilized to confirm appro- 
priate positioning. 

Within a preferred embodiment of the invention, methods are provided for eliminating biliary obstructions, compris- 
ing inserting a biliary stent into a biliary passageway, the stent having a generally tubular structure, the surface of the 
structure being coated with a composition as described above, such that the biliary obstruction is eliminated. Briefly, 
tumor overgrowth of the common bile duct results in progressive cholestatic jaundice which is incompatible with life. 
Generally, the biliary system which drains bile from the liver into the duodenum is most often obstructed by (1) a tumor 
composed of bile duct cells (cholangiocarcinoma). (2) a tumor which invades the bile duct (e.g. , pancreatic carcinoma), 
or (3) a tumor which exerts extrinsic pressure and compresses the bile duct (e.g. . enlarged lymph nodes). 

Both primary biliary tumors, as well as other tumors which cause compression of the biliary tree may be treated 
utilizing the stents described herein. One example of primary biliary tumors are adenocarcinomas (which are also 
called Watskin tumors when found at the bifurcation of the common hepatic duct). These tumors are also referred to as 
biliary carcinomas, choledocholangiocarbnomas. or adenocarcinomas of the biliary system. Benign tumors which 
affect the bile duct (e.g. . adenoma of the biliary system), and. in rare cases, squamous cell carcinomas of the bile duct 
and adenocarcinomas of the gallbladder, may also cause compression of the biliary tree, and therefore, result in biliary 
obstruction. 

Compression of the biliary tree is most commonly due to tumors of the liver and pancreas which compress and 
therefore obstruct the ducts. Mo6t of the tumors from the pancreas arise from cells of the pancreatic ducts. This is a 
highly fatal form of cancer (5% of all cancer deaths; 26,000 new cases per year in the U.S.) with an average of 6 months 
survival and a 1 year survival rate of only 10%. When these tumors are located in the head of the pancreas they fre- 
quently cause biliary obstruction, and this detracts significantly from the quality of life of the patient. While ail types of 
pancreatic tumors are generally referred to as "carcinoma of the pancreas," there are histologic subtypes including: 
adenocarcinoma, adenosquamous carcinoma, cystadeno-carcinoma. and acinar cell carcinoma. Hepatic tumors, as 
discussed above, may also cause compression of the biliary tree, and therefore cause obstruction of the biliary ducts. 

Within one embodiment of the invention, a biliary stent is first inserted into a biliary passageway in one of several 
ways: from the top end by inserting a needle through the abdominal wall and through the liver (a percutaneous transhe- 
patic cholangiogram or "PTC"); from the bottom end by cannulating the bile duct through an endoscope inserted 
through the mouth, stomach, or duodenum (an endoscopic retrograde cholangiogram or "ERCP"); or by direct incision 
during a surgical procedure. A preinsertion examination. PTC. ERCP. or direct visualization at the time of surgery 
should generally be performed to determine the appropriate position for stent insertion. A guidewire is then advanced 
through the lesion, and over this a delivery catheter is passed to allow the stent to be inserted in its collapsed form. If 
the diagnostic exam was a PTC. the guidewire and delivery catheter will be inserted via the abdominal wall, while if the 
original exam was an ERCP the stent will be placed via the mouth. The stent is then positioned under radiologic, endo- 
scopic, or direct visual control taking particular care to place it precisely across the narrowing in the bile duct. The deliv- 
ery catheter will be removed leaving the stent standing as a scaffolding which holds the bile duct open. A further 
cholangiogram will be performed to document that the stent is appropriately positioned. 

Within yet another embodiment of the invention, methods are provided for eliminating esophageal obstructions, 
comprising inserting an esophageal stent into an esophagus, the stent having a generally tubular structure, the surface 
of the structure being coated with an anti-angiogenic composition as described above, such that the esophageal 
obstruction is eliminated. Briefly, the esophagus is the hollow tube which transports food and liquids from the mouth to 
the stomach. Cancer of the esophagus or invasion by cancer arising in adjacent organs (e.g., cancer of the stomach or 
lung) results in the inability to swallow food or saliva. Within this embodiment, a preinsertion examination, usually a bar- 
ium swallow or endoscopy should generally be performed in order to determine the appropriate position for stent inser- 
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one embodiment of the invention, the anti-angiogenic composition(s) (or anti-angiogenic factor(s) alone) are adminis- 
tered directly to the tumor excision site {e.g., applied by swabbing, brushing or otherwise coating the resection margins 
of the tumor with the anti-angiogenic composition(s) or factor(s)). Alternatively, the anti-angiogenic composition(s) or 
factor(s) may be incorporated into known surgical pastes prior to administration. Within particularly preferred embodi- 
ments of the invention, the anti-angiogenic compositions are applied after hepatic resections for malignancy, and after 
neurosurgical operations. 

Within one aspect of the present invention, anti-angiogenic compositions (as described above) may be adminis- 
tered to the resection margin of a wide variety of tumors, including for example, breast, colon, brain and hepatic tumors. 
For example, within one embodiment of the invention anti-angiogenic compositions may be administered to the site of 
a neurological tumor subsequent to excision, such that the formation of new Wood vessels at the site are inhibited. 
Briefly, the brain is highly functionally localized; i.e. , each specific anatomical region is specialized to carry out a specific 
function. Therefore it is the location of brain pathology that is often more important than the type. A relatively small 
lesion in a key area can be far more devastating than a much larger lesion in a less important area. Similarly, a lesion 
on the surface of the brain may be easy to resect surgically, while the same tumor located deep in the brain may not 
(one would have to cut through too many vital structures to reach it). Also, even benign tumors can be dangerous for 
several reasons: they may grow in a key area and cause significant damage; even though they would be cured by sur- 
gical resection this may not be possible; and finally, if left unchecked they can cause increased intracranial pressure. 
The skull is an enclosed space incapable of expansion. Therefore, if something is growing in one location, something 
else must be being compressed in another location - the result is increased pressure in the skull or increased intracra- 
nial pressure. If such a condition is left untreated, vital structures can be compressed, resulting in death. The incidence 
of CNS (central nervous system) malignancies is 8-16 per 100.000. The prognosis of primary malignancy of the brain 
is dismal, with a median survival of less than one year, even following surgical resection. These tumors, especially gli- 
omas, are predominantly a local disease which recur within 2 centimeters of the original focus of disease after surgical 
removal. 

Representative examples of brain tumors which may be treated utilizing the compositions and methods described 
herein include Gial Tumors (such as Anaplastic Astrocytoma, Glioblastoma Multiform, Pilocytic Astrocytoma. Oligoden- 
droglioma, Ependymoma. Myxopapillary Ependymoma, Subependymoma, Choroid Plexus Papilloma); Neuron Tumors 
(e.g., Neuroblastoma, GanglioneuroWastoma Ganglioneuroma, and Medulloblastoma): Pineal Gland Tumors (e.g., 
Pineobiastoma and Pineocytoma); Menigeal Tumors (e.g., Meningioma, Meningeal Hemangiopericytoma, Meningeal 
Sarcoma); Tumors of Nerve Sheath Ceils (e.g., Schwannoma (Neurolemmoma) and Neurofibroma); Lymphomas (e.g., 
Hodgkin's and Non-Hodgkin's Lymphoma (including numerous subtypes, both primary and secondary); MaHormative 
Tumors (e.g., Craniopharyngioma. Epidermoid Cysts. Dermoid Cysts and Colloid Cysts); and Metastatic Tumors (which 
can be derived from virtually any tumor, the most common being from lung, breast melanoma, kidney, and gastrointes- 
tinal tract tumors). 

OTHER THERAPEUTIC USE S OF ANTI-ANGIOGENIC COMPOSITIONS 

In addition to tumors, numerous other non-tumorigenic angiogenesis-dependent diseases which are characterized 
by the abnormal growth of blood vessels may also be treated with the anti-angiogenic compositions, or anti-angiogenic 
factors of the present invention. Representative examples of such non-tumorigenic angiogenesis-dependent diseases 
include corneal neovascularization, hypertrophic scars and keloids, proliferative diabetic retinopathy, rheumatoid arthri- 
tis, arteriovenous malformations (discussed above), atherosclerotic plaques, delayed wound healing, hemophilic joints, 
nonunion fractures, Osier-Weber syndrome, psoriasis, pyogenic granuloma, scleroderma, tracoma, menorrhagia (dis- 
cussed above) and vascular adhesions. 

In particular, within one aspect of the present invention methods are provided for treating corneal neovasculariza- 
tion (including corneal graft neovascularization), comprising the step of administering a therapeutically effective amount 
of an anti-angiogenic composition (as described above) to the cornea, such that the formation of blood vessels is inhib- 
ited. Briefly, the cornea is a tissue which normally lacks blood vessels. In certain pathological conditions, however, cap- 
illaries may extend into the cornea from the pericorneal vascular plexus of the limbus. When the cornea becomes 
vascularized, it also becomes clouded, resulting in a decline in the patient's visual acuity. Visual loss may become com- 
plete if the cornea completely opacitates. 

Blood vessels can enter the cornea in a variety of patterns and depths, depending upon the process which incites 
the neovascularization. These patterns have been traditionally defined by ophthalmologists in the following types: pan- 
nustrachomatosus, pannus leprosus, pannus phylctenulosus. pannus degenerativus. and glaucomatous pannus. The 
corneal stroma may also be invaded by branches of the anterior ciliary artery (called interstitial vascularization) which 
causes several distinct clinical lesions: terminal loops, a "brush-like" pattern, an umbel form, a lattice form, interstitial 
arcades (from episcleral vessels), and aberrant irregular vessels. 

A wide variety of disorders can result in corneal neovascularization, including for example corneal infections (e.g. , 
trachoma, herpes simplex keratitis, leishmaniasis and onchocerciasis), immunological processes (e.g., graft rejection 
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states, and as a complication of wearing contact lenses. (0f any CaU8e) ' 10X10 and "^onal deficiency 

While the cause of corneal neovascularization may vary the resnans* of tn» mmM ^ 
quent vascular ingrowth is similar regardless of the cause l^SS^X^^ M **** 
5 as only those lesions situated within a critical distance onhnSl^^oSJ^^ to be ^ ^^"^ 
to the fact that the angiogenic factors responsible for efclJ, an angiogemc response. This is likeiy due 

and must diffuse to the s?e J ^th\^LS^ v^ S^ ^T" 18 ' ,m **° n Created at *• 8it8 °» * 8 l88i °«. 
from the limbus. this it^SSSS!^ 

nea. Several angiogenic factors an SSJS^J5f^ ^°«hel.um would nrt be induced to grow into the cor- 
» response. Wt^ELSSSS ^m^ZTST ^ 01 •» irt *™*tory 

trate. and the degree of angioge^s Jp^^^a^i^nf'iZS^ "'"""■^ «■ ™- 
facilitates blood vessel ingrowth by taK^ZaKmJ l!l '^TT! ^ r6actron - * ar ™ further 

ance" through which the apaiaries carTg^L fram6W0fk and pTO, *9 a P*hway of least resist- 

Following the initial inflammatory reaction caoillarv nnwh 

' s occurs in other tissues. The r»rmafl7quS e^SiSrf^^" L^ 8 *!'" Mme ^ as « 
divide and migrate. The endothelial oZ^a^Z^l cap,,,ar,es and are stimulated to 

membrane ano the tissue SRSSmS^ 

Wind ended sprouts acquire a lu^^^^l^Si £^* 8 ^ rCa 01 ^ anaioa8nic The 
lisnment of a vascularis within tnfcan^rfnT *™°W"Y loops. The end result is the estab- 

teoiytic enzymes secreted by the EtnSSJ 9 ^°* el ^ Ceflm, ^ on - ^^""9^ activity of the pro- 

* preparations), and administered ^JZr^ fal ^ JT^ ant,m,crobial a 9errts commonly used in ocular 

and administered s^tSdai^nSh ^StSZT ^ " ,ufon ^ 08 Pfepared in te <> ur8 <°™ 
also be administered oue^the ^ PW- asdesaibed above, may 

with a muco-adhesive polymer which ^X^1™1^^"TTZT * 
stero^ may 6e instituted immediately to heip prevem Jm^^SSS '"^ " C ° mb " 1afon 

involve perilimbic corneal i^^^^^^^ J 8 ^ <wn8a )- "** cases this woulo 
utilized shortly after a corneal N^incW^^ ™ S method ™' als ° ° 8 

material could be injected in the perilimbic ^^^^^^^ ^^^ ** 5ituation 1,18 
limbic blood supply. Such methods rna/alsotTJ! SSnTSS^T I * UndeSired po,emia, 

T.etTniS^ ^on. pro.Hera.ion. and maturation, 

which lasts 3 to 4 days, blood SteIuIS^?« J22 T en0Uflh to tol< * th8 a Durino «• P ha ». 
the wound surtace^SS E£S£ ".^EKE" ■"I'S?" WhiCh S8rves 18 bi "°" 

connective tissue from the wound SgeTanSS^e of CSTSiE ^ "h ^ * '"^ of ca P i,,ari8S •* 
ation has ceased, the maturation procels * * and 'Mastic prolHer- 

^P-flatandw^ 

-'^^S^ re T nS T iS,6nfly Ce,,U,ar - ■» ™* ^ome red 

it extends beyond the • h * 35 3 hypeftTOphic scar ' «» » 

scars and keloids are pr5ucad duri^th. s^^Sj^ ? " f e,efred to 88 8 ke,oid - Hypertrophic 
prone to excessive endothelial an^SodfastiTp^StTon iSL^ forma,,0a ^ WOunds are P^icufarfy 
hypertrophic scars, some degree of Zta SJl^.^S? 8 ' ^ W0U " dS ' a " d Med wounds - Wrth 
an actual tumor is produced tJ^SbS^SfSi ,mpr0ve^1en, ^ of keloids however. 

o«i wn.cn can Decome qurte large. Spontaneous improvement in sucn cases rarely occurs 
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Therefore, within one embodiment of the present invention either anti-angiogenic factors alone, or anti-angiogenic 
compositions as described above, are directly injected into a hypertrophic scar or keloid in order to prevent the progres- 
sion of these lesions. The frequency of injections will depend upon the release kinetics of the poiymer used (if present), 
and the clinical response. This therapy is of particular value in the prophylactic treatment of conditions which are known 
5 to result in the development of hypertrophic scars and keloids (e.g. , burns), and is preferably initiated after the prolifer- 
ative phase has had time to progress (approximately 14 days after the initial injury), but before hypertrophic scar or kel- 
oid development. 

Within another aspect of the present invention methods are provided for treating neovascular glaucoma, compris- 
ing the step of administering a therapeutically effective amount of an anti-angiogenic composition to the eye, such that 

10 the formation of blood vessels is inhibited. 

Briefly, neovascular glaucoma is a pathological condition wherein new capillaries develop in the iris of the eye. The 
angiogenesis usually originates from vessels located at the pupillary margin, and progresses across the root of the iris 
and into the trabecular meshwork. Fibroblasts and other connective tissue elements are associated with the capillary 
growth and a f ibrovascular membrane develops which spreads across the anterior surface of the iris. Eventually this tis- 

is sue reaches the anterior chamber angle where it forms synechtae. These synechia e in turn coalesce, scar, and contract 
to ultimately close off the anterior chamber angle. The scar formation prevents adequate drainage of aqueous humor 
through the angle and into the trabecular meshwork, resulting in an increase in intraocular pressure that may result in 
blindness. 

Neovascular glaucoma generally occurs as a complication of diseases in which retinal ischemia is predominant. In 
20 particular, about one third of the patients with this disorder have diabetic retinopathy and 28% have central retinal vein 
occlusion. Other causes include chronic retinal detachment, end-stage glaucoma, carotid artery obstructive disease, 
retrolental fibroplasia, sickie-celi anemia, intraocular tumors, and carotid cavernous fistulas. In its early stages, neovas- 
cular glaucoma may be diagnosed by high magnification slitlamp biomicroscopy, where it reveals small, dilated, disor- 
ganized capillaries (which leak fluorescein) on the surface of the iris Later gonioscopy demonstrates progressive 
25 obliteration of the anterior chamber angle by f ibrovascular bands. While the anterior chamber angle is still open, con- 
servative therapies may be of assistance. However, once the angle doses surgical intervention is required in order to 
alleviate the pressure. 

Therefore, within one embodiment of the invention anti-angiogenic factors (either alone or in an anti-angiogenic 
composition, as described above) may be administered topically to the eye in order to treat early forms of neovascular 
30 glaucoma. 

Within other embodiments of the invention, anti-angiogenic compositions may be implanted by injection of the com- 
position into the region of the anterior chamber angle. This provides a sustained localized increase of anti-angiogenic 
factor, and prevents Wood vessel growth into the area. Implanted or injected anti-angiogenic compositions which are 
placed between the advancing capillaries of the iris and the anterior chamber angle can "defend" the open angle from 

35 neovascularization. As capillaries will not grow within a significant radius of the anti-angiogenic composition, patency of 
the angle could be maintained. Within other embodiments, the anti-angiogenic composition may also be placed in any 
location such that the anti-angiogenic factor is continuously released into the aqueous humor. This would increase the 
anti-angiogenic factor concentration within the humor, which in turn bathes the surface of the iris and its abnormal cap- 
illaries, thereby providing another mechanism by which to deliver the medication. These therapeutic modalities may 

40 also be useful prophylacticaily and in combination with existing treatments. 

Within another aspect of the present invention, methods are provided for treating proliferative diabetic retinopathy, 
comprising the step of administering a therapeutically effective amount of an anti-angiogenic composition to the eyes, 
such that the formation of blood vessels is inhibited. 

Briefly, the pathology of diabetic retinopathy is thought to be similar to that described above for neovascular glau- 

45 coma. In particular, background diabetic retinopathy is believed to convert to proliferative diabetic retinopathy under the 
influence of retinal hypoxia. Generally, neovascular tissue sprouts from the optic nerve (usually within 10 mm of the 
edge), and from the surface of the retina in regions where tissue perfusion is poor. Initially the capillaries grow between 
the inner limiting membrane of the retina and the posterior surface of the vitreous. Eventually, the vessels grow into the 
vitreous and through the inner limiting membrane. As the vitreous contracts, traction is applied to the vessels, often 

so resulting in shearing of the vessels and blinding of the vitreous due to hemorrhage. Fibrous traction from scarring in the 
retina may also produce retinal detachment. 

The conventional therapy of choice is panretinal photocoagulation to decrease retinal tissue, and thereby decrease 
retinal oxygen demands. Although initially effective, there is a high relapse rate with new lesions forming in other parts 
of the retina. Complications of this therapy include a decrease in peripheral vision of up to 50% of patients, mechanical 

55 abrasions of the cornea, laser-induced cataract formation, acute glaucoma, and stimulation of subretinal neovascular 
growth (which can result in loss of vision). As a result, this procedure is performed only when several risk factors are 
present, and the risk-benefit ratio is clearly in favor of intervention. 

Therefore, within particularly preferred embodiments of the invention, proliferative diabetic retinopathy may be 
treated by injection of an anti-angiogenic factor(s) (or anti-angiogenic composition) into the aqueous humor or the vit- 
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the invention, arteries which ^ Z^i^ZT^^S^ "** ^ - 
described above) S TOy 68 emb0,,zed (ut,te,n 8 anti-angiogenic compositions, as 

* Wrthin another aspect of the present invention, methods are, nmMert w 

the steo of administering a therapeutically effective % P £ bating retrolental fibroplasia cornering 
tion) to the eye. such 2 the fZS SvSS" W «* a ^ anai <* artc 

eratrS;^ 

» s*e oxygen (even levels whteh would be pS ^ ^l^n J^l"™ ** ^ * fetal ,ife - &ces - 
be important by causing damage to the U<xXss*s « Z?!£l^^T ^° 8n ,ree radicals we 
structurally obliterated on expcLre to c^^21 Z^^^^^ *"* beCOme 

vitreous hemorrhage and/or retinal detB^^T^^t ^ Jl VeSSelS and *• retina - ™s results in 

also a compilation* this condition ^ to Neovascular angle^losure glaucoma is 

<»* Pathology. TOs^ai^ f 8 "" 8 ^ di8ease ano a «- 

25% who follow a complicated course^re^r^^!^ ! ^ a "°" S of disease in the 

angiogenic faaor.^^ 

high riskfor developing thisSw, ^tnTSemSt Z Z^J^l™* * accom P ,ish ^ in infants which are at 
* Within other errfcodiments. intnl™'?^ 
be^Suchmethodsareparticuladyp^ 

the 25 Sn^a^^^Si SISIS" * * ««* -prising 

formation of Wood vessels is inSted ant.-ang,ogen.c composition to a joint, such that the 

arrtwS^ 

tissue, and inflammatory cells). QenWcS/irtS^fJ t.^ue composed of neovascular tissue, connective 
taining tine angi-angiogenic factor thalidS SZSSSSZ 1SK S£? 38 ^ " (tf * ' C ° n ' 

8UCh 8 me,hod is 681 ** in ^iSSK V ^ te wrthin ,he ioint 0ne 

^^^^^^^ mention, vascular S, are provided comprising a syn- 
grafts are syntheticluCutSy^^ 88 describe ° above. Briefly, vascu^r 

Ouer^ from the aortato^Tf^ 

cates femoral -popliteai bvoass arafts « th* frw^-tJT V ! arTery ' A "^J 0 ' Problem which particularly corrali- 
called necsrrtirrlaCS «**» reacfo " h the blood vessel^, 

progressive. A grafted trth of ^^r^l^g^,^^?^ !"J * *' ^ and Mn *» 
above) may be utilized to limit the formation of nJVSSSSi as descrtoed 
surgically placed by conventional bypass techniques nypefplas,a at ertner end of *a graft. The graft may then be 

same manner as an IUD) for the trJ^ TZ^l *** 9ranulomas - implanted in the uterus (in the 

a peritoneal .avag.fl* K^KJXS^K^ -J""*.** «•* adrrtnistered as either 
body directed against activated SiSSSS ^tfT endometr '° si * attached to a monoclonal anti- 
when attached to a radioactive.y SSSSSSJ tZ^ZTr^T^ " M in dia9nostic 
The W to^ng example, Jofleredbyway^S 
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EXAMPLES 
EXAMPLE 

5 PREPARATION OF ANTI-INVASIVE FACTOR 

The shoulder girdle and skull from a dogfish is excised, then scraped with a scalpel in order to remove all muscle 
and associated connective tissue from the cartilage. The cartilage is then homogenized with a tissue grinder, and 
extracted by continuous stirring at room temperature for 2 to 5 days in a solution containing 2.0 M guanidium hydrochio- 

w ride and 0.02 M MES at pH 6.0. 

After 2 to 5 days, the cartilage extract is passed through gauze netting in order to remove the larger constituents. 
The filtrate is then passed through an Amicon ultrafiltration unit which utilizes spiral-wound cartridges, with a molecular 
weight cutoff of 100.000. The filtrate (containing proteins with a molecular weight of less than 100.000 daftons) is then 
dialyzed against 0.02 M MES buffer (pH 6) with an Amicon ultrafiltration unit which retains proteins with a molecular 

75 weight of greater than 3.000 daltons. Utilizing this method, low molecular weight proteins and constituents are removed, 
as well as excessive amounts of guanidium HCI. The diaiysate is concentrated to a final concentration 9 mg/ml. 

EXAMPLE 2 

20 ANALYSIS OF VARIOUS AGENTS FOR ANTI- ANGIOGENIC ACTIVITY 

a. Chick Chorioallantoic Membrane rCarm Assays 

Fertilized, domestic chick embryos were incubated for 3 days prior to shell-less culturing. In this procedure, the egg 
25 contents were emptied by removing the shell located around the air space. The interior shell membrane was then sev- 
ered and the opposite end of the shell was perforated to allow the contents of the egg to gently slide out from the blunted 
end. The egg contents were emptied into round-bottom sterilized glass bowls and covered with petri dish covers. These 
were then placed into an incubator at 90% relative humidity and 3% C0 2 and incubated for 3 days. 

Taxol (Sigma. St. Louis, Ml) was mixed at concentrations of 1 , 5. 1 0. 30mg per 10ml aliquot of 0.5% aqueous meth- 
30 ylcellulose. Since taxol is insoluble in water, glass beads were used to produce fine particles. Ten microliter aliquots of 
this solution were dried on paraf ilm for 1 hour forming disks 2mm in diameter. The dried disks containing taxol were then 
carefully placed at the growing edge of each CAM at day 6 of incubation. Controls were obtained by placing taxol-free 
methylceilulose disks on the CAMs over the same time course. After a 2 day exposure (day 8 of incubation) the vascu- 
lature was examined with the aid of a stereomicroscope. Uposyn II, a white opaque solution, was injected into the CAM 
35 to increase the visibility of the vascular details. The vasculature of unstained, living embryos were imaged using a Zeiss 
stereomicroscope which was interfaced with a video camera (Dage-MTI Inc.. Michigan City, IN). These video signals 
were then displayed at 160 times magnification and captured using an image analysis system (Vidas, Kontron; Etching. 
Germany). Image negatives were then made on a graphics recorder (Model 3000; Matrix Instruments. Orangeburg, 
NY). 

40 The membranes of the 8 day-old shell-less embryo were flooded with 2% glutaraldehyde in 0.1 M Na cacodylate 
buffer; additional fixative was injected under the CAM. After 10 minutes in situ, the CAM was removed and placed into 
fresh fixative for 2 hours at room temperature. The tissue was then washed overnight in cacodylate buffer containing 
6% sucrose. The areas of interest were postfixed in 1% osmium tetroxide for 1 .5 hours at 4°C. The tissues were then 
dehydrated in a graded series of ethanols, solvent exchanged with propylene oxide, and embedded in Spurr resin. Thin 

45 sections were cut with a diamond knife, placed on copper grids, stained, and examined in a Joel 1200EX electron 
microscope. Similarly. 0.5 mm sections were cut and stained with toluene blue for light microscopy 

At day 1 1 of development, chick embryos were used for the corrosion casting technique. Mercax resin (Ted Pella. 
Inc.. Redding, CA) was injected into the CAM vasculature using a 30-gauge hypodermic needle. The casting material 
consisted of 2.5 grams of Mercox CL-2B polymer and 0.05 grams of catalyst (55% benzoyl peroxide) having a 5 minute 

so polymerization time. After injection, the plastic was allowed to sit in situ for an hour at room temperature and then over- 
night in an oven at 65°C. The CAM was then placed in 50% aqueous solution of sodium hydroxide to digest all organic 
components. The plastic casts were washed extensively in distilled water, air-dried, coated with gold/palladium, and 
viewed with the Philips 501 B scanning electron microscope. 

Results of the above experiments are shown in Figures 1 -4. Briefly, the general features of the normal chick shell- 

55 less egg culture are shown in Figure 1 A. At day 6 of incubation, the embryo is centrally positioned to a radially expand- 
ing network of Wood vessels; the CAM develops adjacent to the embryo. These growing vessels lie close to the surface 
and are readily visible making this system an idealized model for the study of angiogenesis. Living, unstained capillary 
networks of the CAM can be imaged noninvasively with a stereomicroscope. Figure 1 B illustrates such a vascular area 
in which the cellular blood elements within capillaries were recorded with the use of a video/computer interface. The 3- 
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^ensior^ architecture of such CAM capillary networks is shown by the corrosion casting method and viewed in the 
scanning electron microscope Figure 1C). These castings revealed underlying vessels which project toward the CAM 
surface where they term a single layer of anastomotic capillaries. 

Transverse sections through the CAM show an outer ectoderm consisting of, a double ceil layer a broader meso- 
dermal layer caning capillaries which lie subjacent to the ectoderm, adventitial cells, and an inner, single endoder- 
maJ celllayer (Figure 10). At the electron microscopic level, the typical structural details of the CAM capillaries are 
demonstrated. Typically, these vessels lie in dose association with the inner cell layer of ectoderm (Figure 1 E) 
h» JJ? ^ eXP ° SUre 10 13X01 81 COncentra,ions °f 1 . 5. 10, or 30 mg. each CAM was examined under living con- 
ditions wrth a stereomicroscope equipped with a video/computer interface in order to evaluate the effects on angiogen- 

!^in?h» ■"S? T maanifica *> n 01 1 » which perrrttted me direct visualization of bloodlells 

'*2° n ? a " 9 T^ ""J*' asanareao,tt18CAM devoid of a capillary network ranging from 2- 6 mm in 

of ^htoton (acted vascular blood flow and thus were only observed under experimental conditions 
methylcellulose containing taxol; under control conditions of disks lacking taxol there was no effect on the developing 
capmary system. The dos*dependent, experimental data of the effects of taxol at different concentrations are srLS 
in latue n. 



TABLE II 



Angiogenic Inhibition by Taxol 


Taxol Concentration jig 


Embroys Evaluated 
(Positive/Total) 


% Inhibition 


30 


31/31 


100 


10 


16/21 


76 


5 


18/25 


72 


1 


6/15 


40 


Control 


0/30 


0 
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taxol-treated CAMs (Figures 2A and 2B) are shown with the transparent methylcellulose disk centrally posi- 
honed over the avascular zone measuring 6 mm in diameter. At a slightly higher magnification, the periphery of such 
avascular zones is clearly evident (Figure 2C): the surrounding functional vessels were often redirected away from the 
, 8 ° UrCe A C l^° (F ' 9Ure !i C ^ 2D) - ^ a " 9Ular redirectin 9 ° f b, o«i flow was never observed under normal cond° 
tn^ggCTon^ 

lr „„ ™ e as80e i 8te o morphological alterations of the taxol-treated CAM are readily apparent at both the light and elec- 
S£ f^ SCC f C i eV ^ convenience * Presentation, three distinct phases of general transition from the normal 
^^f^L » V ■ Near the periphery * * e avascular 20ne CAM is hallmarked by an abundance of 
k oells wrthrn all three germ layers (Figures 3A and 4A). This enhanced mitotic division wasalso a consist*" 

? 0 ^Tc^S: T TT T T *• end0th8,ia ' Cel,s remained i^o^'y intact with no extravasa 
ion of Wool cells WHfr further degradation, the CAM is characterized by the breakdown and dissolution of capillaries 

SE^S^ i' IT 6 ZTT V ° end0,he,ial Ce,te ' ,ypica "y arres,ed in mi »osis. still maintain a close spatial rela- 
^?™*"%t and ," e SUb,aCent to thB ectoderm: ^ •>••• cells are not junctionally linked The most 
SJJ^E I?!!! "T" ZOne characteri2ed °y 8 ectodermal and endodermal layer (Figures 3C 

and AC). AKhough these layers were thickened, the cellular junctions remained intact and the layers maintained their 

2^ ti £ST?*?T. *° meSOderm ' mit0tiCal,y aTOSted ceHs "™ theTeSl n« 

exhibit the endothelial cell polarization observed in the termer phase. Also, throughout this avascular region degene" 

ating cells were common as noted by the electron dense vacuoles and cellular debris (Figure 4C) 

th* K.«i mmary ' .* rf l? Jdy damons1rated 48 "ouns after taxol application to the CAM, angiogenesis was inhibited 

2^ ^ fo ™" d 8,1 r 880 "" 20ne *** — r ^esemed by three trarSttonal phases of taxoTs 

Si^m SSSJS ,nter f ell t r , ,UnC,i0nS betWeen s^ 0 * 6 '' 31 cells wara absart " ™» "lis of the endoderm and 
Si «S2 2 1 6 "' ,me ? Ulaf )mCti0nS 3nd thef8fora ,hasa 9 e ™ remained intact: however, they were 
tSS^SZS' ^f" 1 " 8rea W3S appr0ached ' ,he "O" 3 vessela retained their junctional complexes 

and therefore also remained intact At the periphery of the taxol-treated zone, further blood vessel growth was inh.biteo 
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which was evident by the typical redirecting or "elbowing" effect of the blood vessels (Figure 24D). 

Taxol-treated avascular zones also revealed an abundance of cells arrested in mitosis in al! three germ layers of the 
CAM; this was unique to taxoi since no previous study has illustrated such an event. By being arrested in mitosis, 
endothelial cells could not undergo their normal metabolic functions involved in angiogenesis. In comparison, the avas- 
cular zone formed by suramin and cortisone acetate do not produce mrtotically arrested cells in the CAM; they only pre- 
vented further Wood vessel growth into the treated area. Therefore, even though agents are anti -angiogenic, there are 
many points in which the angiogenesis process may be targetted. 

We also observed the effects of taxol over the 48 hour duration and noticed that inhibition of angiogenesis occurs 
as early as 9 hours after application. Histological sections revealed a similar morphology as seen in the first transition 
phase of the avascular zone at 48 hours illustrated in figure 3a and 4a. Also, we observed the revascularization process 
into the avascular zone previously observed. It has been found that the avascular zone formed by heparin and angi- 
ostatic steroids became revascularized 60 hours after application. In our study, taxol-treated avascular zones did not 
revascularize for at least 7 days after application implying a more potent long-term effect. 

EXAMPLE 3 

ENCAPSULATION OF SURAMIN 

One milliliter of 5% ELVAX (poly(ethylene-vinyl acetate) cross-linked with 5% vinyl acetate) in dichloromethane 
("DCM") is mixed with a fixed weight of sub-micron ground sodium suramin. This mixture is injected into 5 ml of 5% Pol- 
yvinyl Alcohol ("PVA") in water in a 30 ml flat bottomed test tube. Tubes containing different weights of the drug are then 
suspended in a multi-sample water bath at 40° for 90 minutes with automated stirring. The mixes are removed, and 
microsphere samples taken for size analysis. Tubes are centrifuged at 1000g for 5 min. The PVA supernatant is 
removed and saved for analysis (nonencapsulated drug). The microspheres are then washed (vortexed) in 5 ml of water 
and recentrifuged. The 5 ml wash is saved for analysis (surface bound drug). Microspheres are then wetted in 50 ul of 
methanol, and vortexed in 1 ml of DCM to dissolve the ELVAX. The microspheres are then warmed to 40°C, and 5 ml 
of 50°C water is slowly added with stirring. This procedure results in the immediate evaporation of DCM. thereby caus- 
ing the release of sodium suramin into the 5 ml of water. All three 5 ml samples were then assayed for drug content. 

Sodium suramin absorbs uv/vis with a lambda max of 312nm. The absorption is linear in the 0 to 100 ug/ml range 
in both water and 5% PVA. The drug fluoresces strongly with an excitation maximum at 312nm. and emission maximum 
at 400nm. This fluorescence is quantifiable in the 0 to 25 ug/ml range. 

Results are shown in Figures 5-10. Briefly, the size distribution of microspheres appears to be unaffected by inclu- 
sion of the drug in the DCM (see Figures 5 and 6). Good yields of microspheres in the 20 to 60 range may be 
obtained. 

The encapsulation of suramin is very low (<1%) (see Figure 8). However as the weight of drug is increased in the 
DCM the total amount of drug encapsulated increased although the % encapsulation decreased. As is shown in Figure 
7. 50ug of drug may be encapsulated in 50 mg of ELVAX. Encapsulation of sodium suramin in 5% PVA containing 10% 
NaCI is shown in Figures 9-1 0. 

EXAMPLE 4 

ENCAPSULATION OF TAXOL 

Frve hundred micrograms of either taxol or baccatin (a taxol analog, available from Inf lazyme Pharmaceuticals Inc.. 
Vancouver. British Columbia, Canada) are dissolved in 1 ml of a 50:50 ELVAX:poly-l-lactic acid mixture in dcm. Micro^ 
spheres are then prepared in a dissolution machine (Six-spindle dissolution tester, VanderKanp. Van Kell Industries 
Inc.. U.S.A.) in triplicate at 200 rpm, 42°C, for 3 hours. Microspheres so prepared are washed twice in water and sized 
on the microscope. 

Determination of taxol encapsulation is undertaken in a uv/vis assay (uv/vis lamda max. at 237 nm. fluorescence 
assay at excitation 237, emission at 325 nm; Fluorescence results are presented in square brackets [ ]). Utilizing the 
procedures described above. 58 ug (+/-12 ug) [75 ug (+/-25 >ig)] of taxol may be encapsulated from a total 500 ug of 
starting material. This represents 12% (+/-2.4%) [15% (+/-5%)] of the original weight, or 1.2% (+/-0.25%) [1.5% (+/- 
0.5%)] by weight of the polymer. After 18 hours of tumbling in an oven at 37°C, 10.3% (+M0%) [6% (+/-5.6%)] of the 
total taxol had been released from the microspheres. 

For baccatin. 100 +/- 15 »q [83 +/-23ng] of baccatin can be encapsulated from a total of 500 \ig starting material. 
This represents a 20% (+/-3%) [17% (+/-5%) of the original weight of baccatin. and 2% (+/-0.3%) [1.7% (+/-0.5%)] by 
weight of the polymer. After 18 hours of tumbling in an oven at 37°C. 55% (+/-13%) [60% (+/- 23%)] of the baccatin is 
released from the microspheres. 
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ANALYSIS OF SURGICAL PASTE CONTAINING ANTI-ANGIOGENIC COMPOSITIONS 

Fisher rats weighing approximately 300 grams are anesttwiteed and a 1 ■** «~ 
is made. Two-tenths of a milliliter of sine contaWn^ n^S'^l^^l^^^ incision 
from tissue culture) are injected into 2 of the 5 hep^c tobJs ^itatl^l pri0r to 

sule^eaOdomin, wound is dosed wHh 6.0 r^^^^ZZ^ ^T ** CaP " 

formed in order to study ,he tumors for JZ X^SSiST ^ '* 

EXAMPIFfi 



EMBOLIZATION OF RAT ARTERIES 
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a 27 gauge needle 1 cm through the liver caosiia On fc ..n* L « J^tT _T epatic lobes b * P^ing 

as it is wihdrawn to ensure tfX«. s^SJae SSSSjJl °^ norma, A sa,in9 is ■*> the needle 

each of the puncture sites toTns^e h^sS. ?h1 P < ""* A pl8dflet 01 9elfoam is p,aced « 

clips, and the anesthetic m T^^« raJl^Tf ^ ' S J" - "" h 6 0 resof P lib,e suture skin 
at which time each liTS^^TSKlIi: T ° B " "** * h8ve 8 standart diet for 14 
and a^on Cancer cel. «"XoTc^^^ 

required post-injection for the tumor deposits to measure 1 cm in SStereS ? ' 3 *" 

a*^lS^^^ 

Ties are placed above and below a ,2 , Sastroducdenal artery is identified and mobilized. 

P*W*£^E^ fn^ e Zi e ^ 0 n m ST^ *° 0aStroduodenal ^ PDA), and 0.038 incn 
«he insertion poinL, ligaS^a^K, S^JF^Zi," TT? miCr08C0Pe - ^ b * w 
injecting 0.5 ml of 60% radiopaque corrtra* nSwCtaS^TSS? An9 '° 9raphy is e erfo ™* by 

en^taedlyreflux^pa,^ 

via the operating mfcresope fe s^cJit^aTJS? * e if 8 ™**^ artery catheter until flow, observed 
repeating J-S^SKSt^^^ ^ is * 

formed. The GDA is ncMtaSSSTS T 9 ***** P recautions - ■ incision per- 

CI*, well above me *J^£Z££tt21 SZZf" Tk^" °' *" ° DA and *• hepatic ar ^ 
and angiography is performed T^Si!£2ST? P 0 ^? 8 ,Ut " n9 ' S inSer,ed * cutdow1 «* «"* vessel 

right side of circulation. The stomach and ISS^SnSl^ J? . 9 the h6pa,iC veins and imo 
reflux of particles into the celiac acoesTiS^^S^- * 10 388688 ,nadVer,ent h ""'**« «*" 



55 



EXAMPLE 7 

TRANSPLANTATION OF BILIARY STENTS IN RATS 



General anesthetic is administered to 300 aram Fish** rate Ai, m »„ 
~~ M « «» identified. ^-SSSSi^SnSS? 2^ 
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coma ceils (eiuted from tissue culture immediately prior to use) is injected via a 27 gauge needle to a depth of 1 cm into 
the liver capsule. Hemostasis is achieved after removal of the needle by placing a pledget of gelfoam at the puncture 
sites. Saline is injected as the needle is removed to ensure no spillage of cells into the peritoneal cavity or along the 
needle track. The general anesthetic is terminated, and the animal returned to the animal care center and placed on a 
normal diet. 

Two weeks later, general anesthetic is administered, and utilizing aseptic precautions, the hepatic lobe containing 
the tumor is identified through a midline incision. A 16 gauge angiographic needle is then inserted through the hepatic 
capsule into the tumor, a 0.038-inch guidewire passed through the needle, and the needle withdrawn over the 
guidewire. A number 5 French dilator is passed over the guide into the tumor and withdrawn. A number 5 French deliv- 
ery catheter is then passed over the wire containing a self-expanding stainless steel Wallstent (5 mm in diameter and 
1 cm long). The stent is deployed into the tumor and the guidewire delivery catheter is removed. One-third of the rats' 
have a conventional stainless steel stent inserted into the tumor, one-third a stainless steel stent coated with polymer, 
and one third a stent coated with the polymer-anti-angiogenic factor compound. The general anesthetic is terminated 
and the rat returned to the animal care facility. 

A plain abdominal X-ray is performed at 2 days in order to assess the degree of stent opening. Rats are sacrificed 
at 2, 7. 14, 28 and 56 days post-stent insertion by injecting Euthanyl. and their livers removed en bloc once euthanasia 
is confirmed. After fixation in formaldehyde for 48 hours, the liver is sectioned at 0.5 mm intervals; including severing 
the stent transversely using a fresh blade for each slice. Histologic sections stained with H and E are then analyzed to 
assess the degree of tumor ingrowth into the stent lumen. 

EXAMPLE 8 

MANUFACTURE OF MICROSPHERES 

Equipment which is preferred for the manufacture of microspheres described below include: 200 ml water jacketed 
beaker (Kimax or Pyrex), Haake circulating waiter bath, overhead stirrer and controller with 2 inch diameter (4 Wade, 
propeller type stainless steel stirrer - Rsher brand), 500 ml glass beaker, hot plate/stirrer (Corning brand). 4 X 50 ml 
polypropylene centrifuge tubes (Nalgene), glass scintillation vials with plastic insert caps, table top centrifuge (GPR 
Beckman), high speed centrifuge- floor model (JS 21 Beckman), Mettler analytical balance (AJ 100. 0.1 mg), Mettler 
digital top loading balance (AE 163, 0.01 mg), automatic pipetter (Giison). Reagents include Poiycaproiactone ("PCL" 
- mol wt 10,000 to 20,000; Polysciences. Warrington Pennsylvania. USA), "washed" Ethylene Vinyl Acetate ("EVA" 
washed so as to remove the anti-axidant BHT), Poly(DL)lactic acid ("PLA" - mol wt 15.000 to 25.000; Polysciences), 
Polyvinyl Alcohol f PVA" - mol wt 124,000 to 186.000; 99% hydrolyzed; AWrich Chemical Co., Milwaukee Wl. USA), 
Dichloromethane ("DCM" or "methylene chloride"; HPLC grade Fisher scientific), and distilled water. 

A. Preparation of 5% fwM Polymer Solutions 

Depending on the polymer solution being prepared. 1 .00 g of PCL or PLA. or 0.50 g each of PLA and washed EVA 
is weighed directly into a 20 ml glass scintillation vial. Twenty milliliters of DCM is then added, and the vial tightly 
capped. The vial is stored at room temperature (25°C) for one hour (occasional shaking may be used), or until all the 
polymer has dissolved (the solution should be clear). The solution may be stored at room temperature for at least two 
weete. 

B. Preparation of 5% fwM Stock Solution of PVA 

Twenty-five grams of PVA is weighed directly into a 600 ml glass beaker. Five hundred milliliters of distilled water is 
added, along with a 3 inch Teflon coated stir bar. The beaker is covered with glass to decrease evaporation losses, and 
placed into a 2000 ml glass beaker containing 300 ml of water (which acts as a water bath). The PVA is stirred at 300 
rpm at 85°C (Corning hot plate/stirrer) for 2 hours or until fully dissolved. Dissolution of the PVA may be determined by 
a visual check; the solution should be clear. The solution is then transferred to a glass screw top storage container and 
stored at 4°C for a maximum of two months. The solution, however should be warmed to room temperature before use 
or dilution. 

C. Procedure for Producing Microspheres 

Based on the size of microspheres being made (see Table 1), 100 ml of the PVA solution (concentrations given in 
Table III) is placed into the 200 ml water jacketed beaker. Haake circulating water bath is connected to this beaker and 
the contents are allowed to equilibrate at 27 8 C (+/-10°C) for 10 minutes. Based on the size of microspheres being made 
(see Table III), the start speed of the overhead stirrer is set. and the blade of the overhead stirrer placed half way down 
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in the PVA solution. The stirrer is then sterted. end 10 ml of polymer solution (polymer solution used based on type of 
microspheres being produced) is then dripoed into the stirring PVA over a period of 2 rrtnutesino aSml automt£ 
ppetter^After 3 minutes the stir speed * ad.usted (see Table ,!), and the solution J£^J^m££%Z 

SS^^T^ T ^ Preparati0n - ^ rinsed with ! o mi of d^lie^t^so 
solution drains into tfie microsphere preparation. The microsphere preparation is then poured into a 500 ml beaker and 
UlTT^l ^ 70 °» ^^''^ water, which is also allowed to drain into the r^herelC 
ration. The 180 ml microsphere preparation is then stirred with a glass rod. and equal amounts are poured into tour 
vX^ZZSV "~ ^ «° *« •* ^-trifuged fer 1 

1). A 5 ml automatic p.petter or vacuum suction .s then utilized to draw 45 ml of the PVA solution off of each microsphere 



io pellet 



TABLE III 



PVA concentrations, i 


»tlr speeds, and centrifugal force requirements for each diameter range of micro- 
spheres. 


PRODUCTION STAGE 


j MICROSPHERE DIAMETER RANGES 




30 Mm to 100 um 


10 ^m to 30 >im 


0.1 jim to 3 pm 


PVA Concentration 


2.5% {wfv)(i.e., dilute 5% 
stock with distilled water 


5% (w/v)(/.e., undiluted 
stock) 


3.5% (w/v)(/:e.. dilute 5% 
stock with distilled water 


Starting Stir Speed 


500 rpm +/- 50 rpm 


500 rpm +/- 50 rpm 


3000 rpm +/- 200 rpm 1 


Adjusted Stir Speed 


500 rpm +/• 50 rpm 


500 rpm +/- 50 rpm 


2500 rpm +/• 200 rpm 


Centrifuge Force 


1000 g+A 100 g (Table top 
model) 


1000 g 100 g (Table top 
model) 


10 000 g+/- 1000 g (High 
speed model) 
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Five milliliters of distilled water is then added to each centrifuge tube, which is then vortexed to resuspend the 
microspheres/nie four microsphere suspensions are then pooled into one centrifuge tube elong with 20 ml of distilled 

IS ™ n0ther 1 I minUt6S (forCe 9Kre " in TaUe 1) - ™» process * ™P«* io ad^tionartimesS 

SlSSrSTL • m ' C T hereS " cenWu 8 8d a ,inal *»* «» resuspended in 10 ml of distilled water. 
^ ^oTS'nT IT 050 r preparafon « transterred Wo e preweighed glass scintillation vial. The vial is 
capped and left overnight at room temperature (25°C) in order to allow the microspheres to sediment out under gravity 

D. Prying pf 10 M m to 30 nm nr 30 »m to 10(1 m Diameter Mirrnc pho,^ 

.J^ e l the J rtCr0SPhereS ^ 881 81 room tem P era,ur e overnight, a 5 ml automatic pipetter or vacuum suction is 

^ ?J?T* toT 8 PerM5d °' ° ne week or m ,ul, y dr V f™ 1 at constant weight). Faster drying may be acconv 
plished by taring the uncapped vial under a slow stream of nitrogen gas (flow appL 10 SSSKh me fume h^d 
When fully dryfvial at constant weight), the via. is weighed and capped. The labJS capped vil KiSaf^^: 
perature in a drawer. Microspheres are normelly stored no longer than 3 months. 

E. Drying of 0.1 „mtn 3 nm Diamgtor Mirrncp^or^ 

u, Ml ? i T Si w e , ran - 6 °l miCr0SphereS m not sediment ^ 50 ar « left in suspension at 4°C tor a maximum of four 

^e?JTi?iT m e , ^^"If miCTOSphereS inthe10ml «P«*n. a 200 ul sample of the suspens^* 
ppetted into a 1.5 ml preweighed microfuge tube. The tube is then centrifuged at 10.000 g (Eppendorf table top micro- 
fuge). the supernatant removed, and the tube allowed to dry at 50'C overnight. The tube fc then reweighed in to 
determine the weight of dried microspheres within the tube. reigned «n order to 

F. Manufacture of Taxol Load ed Microsr.hi.ro 

cam i n ^T a !°«^ are 13X01 < f n ^ i " ing ™<*ospheres. an appropriate amount of weighed taxol (based upon the per- 
centage of taxol to be encapsulated) is placed directly into a 20 ml glass sdntillation vial. Ten milliliters of an ^ropriate 
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polymer solution is then added to the via) containing the taxol, which is then vortexed until the taxol has dissolved. 
Microspheres containing taxol may then be produced essentially as described above in steps (C) through (E). 

EXAMPLf 9 

MANUFACTURE OF STENT COATING 

Reagents and equipment which are utilized within the following experiments include (medical grade stents obtained 
commercially from a variety of manufacturers; e.g. , the "Strecker" stent) and holding apparatus, 20 ml glass scintillation 
vial with cap (plastic insert type), TLC atomizer, Nitrogen gas tank, glass test tubes (various sizes from 1 ml and up), 
glass beakers (various sizes), Pasteur pipette, tweezers, Polycaprolactone ("PCL" • mol wt 10.000 to 20,000; Poly- 
sciences), Taxol (Sigma Chemical Co., St. Louis, Mo.. 95% purity), Ethylene vinyl acetate ("EVA" - washed - see previ- 
ous), Poly(DL)lactic acid ("PLA" - mol wt 15.000 to 25,000; Polysciences). dichloromethane ("DCM" - HPLC grade. 
Fisher Scientific). 

a. Procedure for Sprayed Stents 

The following describes a typical method using a 3 mm crimped diameter interleaving metal wire stent of approxi- 
mately 3 em length. For larger diameter stents, larger volumes of polymer/drug solution are used. 

Weigh sufficient polymer directly into a 20 ml glass scintillation vial and add sufficient DCM to achieve a 2% w/v 
solution. Cap the vial and mix the solution to dissolve the polymer (hand shaking). Assemble the stent in a vertical ori- 
entation. This can be accomplished using a piece of nylon and tying the stent to a retort stand. Position this stent hold- 
ing apparatus 6 to 12 inches above the fume hood floor on a suitable support (e.g., inverted 2000 ml glass beaker) to 
enable horizontal spraying. Using an automatic pipette, transfer a suitable volume (minimum 5 ml) of the 2% polymer 
solution to a separate 20 ml glass scintillation vial. Add an appropriate amount of taxol to the solution and dissolve it by 
hand shaking the capped vial. 

To prepare for spraying, remove the cap of this vial and dip the barrel (only) of an TLC atomizer into the polymer 
solution. Note that the reservoir of the atomizer need not be used in this procedure: the 20 ml glass vial acts as a res- 
ervoir. Connect the nitrogen tank to the gas inlet of the atomizer. Gradually increase the pressure until atomization and 
spraying begins. Note the pressure and use this pressure throughout the procedure. To spray the stent use 5 second 
oscillating sprays with a 15 second dry time between sprays. After 5 sprays, rotate the stent 90 p and spray that portion 
of the stent. Repeat until all sides of the stent have been sprayed. During the dry time, finger crimp the gas line to avoid 
wastage of the spray. Spraying is continued until a suitable amount of polymer is deposited on the stents. The amount 
may be based on the specific stent application in vivo. To determine the amount, weigh the stent after spraying has 
been completed and the stent has dried. Subtract the original weight of the stent from the finished weight and this pro- 
duces the amount of polymer (plus taxol) applied to the stent Store the coated stent in a sealed container. 

B. Procedure for Dipped Stents 

The following describes a typical method using a 3 mm crimped diameter interleaving metal wire stent of approxi- 
mately 3 cm length. For larger diameter stents, larger volumes of polymer/drug solution are used in larger sized test 
tubes. 

Weigh 2 g of EVA into a 20 ml glass scintillation vial and add 20 ml of DCM. Cap the viaJ and leave it for 2 hours to 
dissolve (hand shake the vial frequently to assist the dissolving process). Weigh a known weight of taxol directly into a 
1 ml glass test tube and add 0.5 ml of the polymer solution. Using a glass Pasteur pipette, dissolve the taxol by gently 
pumping the polymer solution. Once the taxol is dissolved, hold the test tube in a near horizontal position (the sticky 
polymer solution will not flow out). Using tweezers, insert the stent into the tube all the way to the bottom. Allow the pol- 
ymer solution to flow almost to the mouth of the test tube by angling the mouth below horizontal and then restoring the 
test tube to an angle slightly above the horizontal. While slowly rotating the stent in the tube, slowly remove the stent 
(approximately 30 seconds). 

Hold the stent in a vertical position to dry. Some of the seated perforations may pop so that a hole exists in the con- 
tinuous sheet of polymer. This may be remedied by repeating the previous dipping procedure, however repetition of the 
procedure can also lead to further popping and a general uneven build up of polymer. Generally, it is better to dip the 
stent just once and to cut out a section of stent that has no popped perforations. Store the dipped stent in a sealed con- 
tainer. 
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EXAMPLE ng 

MANUFACTU~5 OF SURGICAL TASTES" 

Asnotsc 
teed within 
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applied to a desired site es a fluid, and haSer^^SX W 88 8 " therm0paste " « 
temperature); (2) as a spray (/ e "r^o^vV^^ H ^ ^ * 8 Sp8c8ied temperature . body 
ciaiized apparatus (e a So^^S ™ y de " Vered 10 8 desired srte either directly or through a soe- 

isapp.ied^^^S 
°r through a specialized appaX^ 

composed of a suspensio^micreX^an ISSrSl ^Z???* * Wh ' Ch * iS 8pplied: and « as « «"« 
directly or via a specialized apparatus^ ndlSeS^ ^^^T * to a desired she either 
exempt of each of the J£ZS££^££ fn^e deSST " *" ^ »"™««^ 

A. Procedure for ProduQgg Jh fif mnp a ff f ft 

Reagents and equipment which are utilized within the foiinunnn av „ a ^^. , J 
Corning hot pta,eA*rer. 20 m. glass scintillaton^ n^St? * Jos^o^nf If" ^ (1 "* 
portion), scalpel and tweezers. Polycaprolactone ma^SSfa ™J25ETZ tube cap inner 

vania USA), art Taxo. (Sigma JSSSS ^nSunT Wysoences. Warrington. Pennsyl- 

.a^n^ 

polymer to mett Thoroughly mix a kn3St « tempemture «* 2 ° minutes. This allows the 

65'C. Pour the melted pcSyrneTTnto 5SZ?<SS£S Si'KS. Sf^ ^ ^ 81 
Allow the mould to cool so the polymer solidifies. S SSS^^tn^n ^^ ftft ^ U ^ prMess - 
mm in size). These pieces must fit into a 1 ml g^^T^^BcZaTilT ^f"^^ 2 mm by 2 
remove the cap from the tip) and place it on a LnJZ£Z££ **« (*> not 

ban-el. The polymer melts complete* with,, tO^SS S'Z " ^ T ^ 

remove the barrel from the water bath hold it hnrironteik. apparatus, vvnen the polymer pieces have melted, 
oompress the melted Po^oT^J^^^J^J^^}^ *• ^ ^ the bane, and 
temperatura "sawyrnassatthetipendof mebarrel. Cap the syringe and allow it to cod toroom 

bodyTeZST *" Syri " 9e 1,6 reheal6d ,0 60,0 8nd ■***— ^ a liquid which solidtfes when coded to 
B. Procedure <nr Prgaifiina Naagaay, 

WJSK^ — CC • -er t ,m in 

belowasuspensionof 0.1 urn to 1 urn rr^Sc^ may be crSrS a( S! «r* * • de **°* m more detail 
pumped aerosol. Equipment and ut^f* , °' deP0Srt '° n 0nt0 tissue lnrou 9 h a «"B» 

beaker (Kimax or ?J£J Haake SSEISS J^ InTV*^ 200 ml water 
propeller type staMess'stee. stirrer; fKSWSSS'SS - !. 2 *"* (4 
polypropylene centrifuge tubes (Nalgene) glass scimillaJon tSL 22 5 2 p,a,a/st,rrer < Corn,n 9 bra "°). 4 X 50 ml 
man), high speed centrifuge - floor iJ£ taTlS ^ taWe ** centrifu 9 e < B «*- 
top toading balance (AE 163. 0.01 ^) ^m^^l'^TL J ^^ 6 {AJ 01 m ^ Mettler 
pharmaceuticals, 20 mi. teminar flowtTwy^ « aer0S0, (P,eif,ef 

rington. Pennsylvania USA) "washed" f see ^.Tk? c^!T ,V " Wl 10,00 ° 10 20 -°° 0 : Polysciences, War- 
1S.000to25.0O0; pS^^^^^^Z J^^ S2 P ° ,y(DL ) l8C,ic acio fWA" mo. wt 
ical Co.. Milwaukee. WUSA). Sao^aZS or -mlLl ' J° S ^ "* hydr °' y2ed: C" 6 -"- 
tiiled water, sterile saline (Becton SSSSS L ^entT^ ° ^ HPLC Rsher sdenti,ic >- Dis - 

55 i. Preparation of 5% (w/v) Polymer Solutions 

t »^^cr=scr£;sas- 
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may be used). Dissolving of the polymer can be determined by a visual check; the solution should be clear. Label the 
vial with the name of the solution and the date it was produced. Store the solutions at room temperature and use within 
two weeks. 

5 2. Preparation of 3.5% (w/v) Stock Solution of PVA 

The solution can be prepared by following the procedure given below, or by diluting the 5% (w/v) PVA stock solution 
prepared for production of microspheres (see Example 8). Briefly, 1 7.5 g of PVA is weighed directly into a 600 mi glass 
beaker, and 500 ml of distilled water is added. Place a 3 inch teflon coated stir bar in the beaker. Cover the beaker with 
io a cover glass to reduce evaporation losses. Place the beaker in a 2000 mi glass beaker containing 300 ml of water. This 
will act as a water bath. Stir the PVA at 300 rpm at 85°C (Corning hot plate/stirrer) for 2 hours or until fully dissolved. 
Dissolving of the PVA can be determined by a visual check; the solution should be clear. Use a pipette to transfer the 
solution to a glass screw top storage container and store at 4°C for a maximum of two months. This solution should be 
warmed to room temperature before use or dilution. 

15 

3. Procedure for Producing Nanospray 

Place the stirring assembly in a fume hood. Place 100 ml of the 3.5% PVA solution in the 200 ml water jacketed 
beaker. Connect the Haake water bath to this beaker and allow the contents to equilibrate at 27°C (+/-1 °C) for 1 0 min- 

20 utes. Set the start speed of the overhead stirrer at 3000 rpm (+/- 200 rpm). Place the blade of the overhead stirrer half 
way down in the PVA solution and start the stirrer. Drip 10 ml of polymer solution (polymer solution used based on type 
of nanospray being produced) into the stirring PVA over a period of 2 minutes using a 5 mi automatic pipetter. After 3 
minutes, adjust the stir speed to 2560 rpm (*A 200 rpm) and leave the assembly for 2.5 hours. After 2.5 hours, remove 
the stirring blade from the nanospray preparation and rinse with 10 ml of distilled water. Allow the rinse solution to go 

25 into the nanospray preparation. 

Pour the microsphere preparation into a 500 ml beaker. Wash the jacketed water bath with 70 ml of distilled water. 
Allow the 70 ml rinse solution to go into the microsphere preparation. Stir the 180 ml microsphere preparation with a 
glass rod and pour equal amounts of it into four polypropylene 50 ml centrifuge tubes. Cap the tubes. Centrifuge the 
capped tubes at 10 000 g (+/• 1 000 g) for 10 minutes. Using a 5 ml automatic pipetter or vacuum suction, draw 45 ml 

30 of the PVA solution off of each microsphere pellet and discard it Add 5 ml of distilled water to each centrifuge tube and 
use a vortex to resuspend the microspheres in each tuba Using 20 mi of distilled water, pool the four microsphere sus- 
pensions into one centrifuge tuba To wash the microspheres, centrifuge the nanospray preparation for 10 minutes at 
10 000 g (+/• 1000 g). Draw the supernatant off of the microsphere pellet Add 40 mi of distilled water and use a vortex 
to resuspend the microspheres. Repeat this process two more times for a total of three washes. Do a fourth wash but 

35 use only 10 ml (not 40 ml) of distilled water when resuspending the microspheres. After the fourth wash, transfer the 
microsphere preparation into a preweighed glass scintillation vial. 

Cap the vial and let it to sit for 1 hour at room temperature (25°C) to allow the 2 urn and 3 um diameter micro- 
spheres to sediment out under gravity. After 1 hour, draw off the top 9 ml of suspension using a 5 ml automatic pipetter. 
Place the 9 ml into a sterile capped 50 ml centrifuge tube. Centrifuge the suspension at 10 000 g (+/- 1000 g) for 10 

40 minutes. Discard the supernatant and resuspend the pellet in 20 ml of sterile saline. Centrifuge the suspension at 10 
000 g (+/- 1000 g) for 10 minutes. Discard the supernatant and resuspend the pellet in sterile saline. The quantity of 
saline used is dependent on the final required suspension concentration (usually 10% w/v). Thoroughly rinse the aero- 
sol apparatus in sterile saline and add the nanospray suspension to the aerosol. 

45 C. Manufacture of Taxol Loaded Nanosorav 

To manufacture nanospray containing taxol. use Taxol (Sigma grade 95% purity). To prepare the polymer drug 
stock solution, weigh the appropriate amount of tool directly into a 20 ml glass scintillation vial. The appropriate amount 
is determined based on the percentage of taxol to be in the nanospray. For example, if nanospray containing 5% taxol 

so was required, then the amount of taxol weighed would be 25 mg since the amount of polymer added is 10 ml of a 5% 
polymer in DCM solution (see next step). 

Add 10 ml of the appropriate 5% polymer solution to the vial containing the taxol. Cap the vial and vortex or hand 
swirl it to dissolve the taxol (visual check to ensure taxol dissolved). Label the vial with the date it was produced. This 
is to be used the day it is produced. 

55 Follow the procedures as described above, except that polymer/drug {e.g., taxol) stock solution is substituted for 
the polymer solution. 
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lateddr,; * released from the polymer ^^ITo^^TZ^t^ 685116 80 ** any s"** 51 " 

esses, .nauding for example. £2* m *^^ rt *™ m ^^ eMe - ^^^^bys^ralproc- 

inthe spraying technique, the polymer is dissoSe^a^ 
™«on^ 

cap (Plastic insert type). TLC atomizer. N^^rf^rt2Z?SS 2 ° 7 9,888 8Ci '*" a,i0n Vial 
sciences). Taxol (Sigma 95% purity) Ethanol ^S?? ( " m °' 10 - 000 10 20.000;.Poly- 

1 . Procedure for Producing Films - /Vfe/f Casf/np 

Weigh a known weight of PCL directly into a small class beakar Pior* #h* k^i. 
water (to act as a water bath) and put it on the hofSaL 5 VSS'^TT^ > " a ,ar9er beaker containin 9 
Add a known weight of drug to the melt* TJ^^Z ^St^ PC * m>r haS f U,,y merted 
melted PCL, the drug may be susoer^dSl ™t T 7^ ? thorou 9 h| y- To ad Aspersion of the drug in the 
ethanol. This 

it to cool. After cooling, store the film in a container * ^'^^ ,nt0 a and let 
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centra**,. Use hand shaking or v£X^^ 

ish the presence of air bubbles) and thj i pouMtSI^^ ^ « 8 8 ° ,U,, ° n * for one hour < t0 dimin - 
Place the mould in the fume hood ewS^t^JLTKl JIT'S 18 baMd on 9,8 sha P* r «>^^. 
storeitorpeelitortandeloreaina^corSiri toe «P*«* Erther leave the «m in the mould to 

3. Procedure for Producing Films - Sprayed 

orientation in a suitable mould holdina aoMratusTZ Ilf*^ J 9)> Assemble tne m °u'°s in a vertical 

above the fume hood f^Tsu^S^^ 8pparatus 6 * 1 2 

Using an automatic pipette, transfer a wSSSm! t S SS? T L 9 ™ beaker) to enaWe hori20n,al ««™0- 
g.asssdnti,lation vial. ^suffic^L^e^ to a 20 m, 

spraying, remove the cap of this vial and dip the^aTel fortv) S!n t? * " 9 ,he C3pped via| ' To ,or 

^^^^ 

isbas^on.er^estfeave.esprayZrr^ 
e. Procedure fnr Emdudng N n nnnnr itn 

Being water. based, the" Se™. ^ .SiT^S^S^ ™ 0SPhereS C '° Se to *• ,ar9 « ,issue - 
paste and a tendency of the micwSw^SS^SSIS? f " 9 f ****** ,he s,icWness ot m « 
is thereby located close to the target tissue Dedeposrted on "earby tissue. A pool of microsphere encapsulated drug 

"^^equipmem^^ 
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maceirtical grade, Goodyear Chemical Co.). distilled water, sodium hydroxide (1 M) in water solution, sodium hydroxide 
solution (5 M) in water solution, microspheres in the 0.1 to 3 urn size range suspended in water at 20% w/v (See 
previous). 

1 . Preparation of 5% w/v Carbopol Gel 

Add a sufficient amount of carbopol to 1 M sodium hydroxide to achieve a 5% w/v solution. To dissolve the carbopol 
in the 1 M sodium hydroxide, allow the mixture to sit for approximately one hour. During this time period, stir the mixture 
using a glass rod. After one hour, take the pH of the mixture. A low pH indicates that the carbopol is not fully dissolved. 
The pH you want to achieve is 7.4. Use 5 M sodium hydroxide to adjust the pH. This is accomplished by slowly adding 
drops of 5 M sodium hydroxide to the mixture, stirring the mixture and tatong the pH of the mixture. It usually takes 
approximately one hour to adjust the pH to 7.4. Once a pH of 74 is achieved, cover the gel and let it sit for 2 to 3 hours. 
After this time period, check the pH to ensure it is still at 7.4. If it has changed, adjust back to pH 74 using 5 M sodium 
hydroxide. Allow the gel to sit for a few hours to ensure the pH is stable at 7.4, Repeat the process until the desired pH 
is achieved and is stable. Label the container with the name of the gel and the date. The gel is to be used to make nan- 
opaste within the next week. 

2. Procedure for Producing Nanopaste 

Add sufficient 0.1 jim to 3 um microspheres to water to produce a 20% suspension of the microspheres. Put 8 ml 
of the 5% w/v carbopol gel in a glass beaker. Add 2 ml of the 20% microsphere suspension to the beaker. Using a glass 
rod or a mixing spatula, stir the mixture to thoroughly disperse the microspheres throughout the gel. This usually takes 
30 minutes. Once the microspheres are dispersed in the gel. place the mixture in a storage jar. Store the jar at 4°C. It 
must be used within a one month period. 

EXAMPI511 

CONTROLLED DELIVERY OF TAXOL FROM MICROSPHERES COMPOSED OF A BLEND OF ETHYLENE-VINYL- 
ACETATE COPOLYMER AND POLY (D,L LACTIC ACID). IN VIVO TESTING OF THE MICROSPHERES ON THE CAM 
ASSAY 

This example describes the preparation of taxol-ioaded microspheres composed of a blend of biodegradable poly 
(d.l-lactic acid) (PLA) polymer and nondegradable ethylene- vinyl acetate (EVA) copolymer. In addition, the in vitro 
release rate and anti-angiogenic activity of taxol released from microspheres placed on a CAM are demonstrated. 

Reagents which were utilized in these experiments include taxol, which is purchased from Sigma Chemical Co. (St. 
Louis. MO); PLA (molecular weight 15,000-25.000) and EVA (60% vinyl acetate) (purchased from Polysciences (War- 
rington. PA); polyvinyl alcohol (PVA) (molecular weight 124,000-186,000, 99% hydrolysed, purchased from Aldrich 
Chemical Co. (Milwaukee. Wl)) and Dichloromethane (DCM) (HPLC grade, obtained from Fisher Scientific Co). Distilled 
water is used throughout. 

A. Preparation of microsphere 

Microspheres are prepared essentially as described in Example 8 utilizing the solvent evaporation method. Briefly. 
5% w/v polymer solutions in 20 mL DCM are prepared using blends of EVA:PLA between 35:65 to 90:10. To 5 mL of 
2.5% w/v PVA in water in a 20 mL glass vial is added 1 mL of the polymer solution dropwise with stirring. Six similar 
vials are assembled in a six position overhead stirrer, dissolution testing apparatus (Vanderkarrp) and stirred at 200 
rpm. The temperature of the vials is increased from room temperature to 40°C over 15 min and held at 40°C for 2 hours. 
Vials are centrifuged at SOOxg and the microspheres washed three times in water. At some EVA: PLA polymer blends, 
the microsphere samples aggregated during the washing stage due to the removal of the dispersing or emulsifying 
agent. PVA. This aggregation effect could be analyzed semi-quantitatively since aggregated microspheres fused and 
the fused polymer mass floated on the surface of the wash water. This surface polymer layer is discarded during the 
wash treatments and the remaining, pelleted microspheres are weighed. The % aggregation is determined from 

% aggregation * 1 "(weight of Pelle ted microspheres)^ 00 
"** ** initial polymer weight 

Taxol loaded microspheres (0.6% w/w taxol) are prepared by dissolving the taxol in the 5% w/v polymer solution in 
DCM. The polymer blend used is 50:50 EVA: PLA. A "large- size fraction and "small" size fraction of microspheres are 
produced by adding the taxol/polymer solution dropwise into 2.5% w/v PVA and 5% w/v PVA. respectively. The disper- 
sions are stirred at 40°C at 200 rpm for 2 hours, centrifuged and washed 3 times in water as described previously. 
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Microspheres are air dried and samples are sized using an optical microscope with a staoe micrometer Ov~ ™ 
JES*"" " ^ PW ^ (taxo. aZ^^iS s^S^S £ 

5 B. Encapsulation effiriftnry 

Known weights of taxoMoaded microspheres are dissolved in 1 mL DCM 20 mL of 40% acetnnitriia in =♦ 
SO C are^ed and vortexed until the DCM had been evaporated. The concemrft^oftS^ JcTSe fs 
dete '™adbyHPLCusinganx*ilephas^^ 

Stol ^o^^ JT 0 *" We ' 0h,S 01 18X01 from 10 °- 1000 MO are dissolved in 1 mL of oaSZ sub- 
aX^^ ™ « — greater .an 35% 

'5 C. Druo release aufljfl l 

In 15 mL glass, screw capped tubes are placed 10 mL of 10 mM phosphate buffered saline (PBS1 dH 7 4 and as 
mjj itataM microspheres. The tubes are tumbled at 37-C and atgiven time E£ «5E2 \!iI£3Zl 

-tS-SS ~ ncentrat,on8 are "atamnned by extraction into 1 mL DCM followed by evaporation to dryness 
ean,Ofnrtro0en " reCOnStrtlrtionin 1 "*-<* 40%acetonitrile in water and analysis^i^PLC asXtous? 

D. Scanning Electron Mirmgmpy f^F") 

501B M £K e ^n 5 ?V. W h0klerS ' 8PUtter 00316,1 ^ " d 0Wained USi "° a 

E. CAM Studies 
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h», J tf£f ' °T i? ■? ertXyOS are incubated fof 4 davs P"** to shell-less cutturing. The egg contents are incu- 
^ "* for 2 *vs. On day 6 of incubation. 1 mg aSots of uSSSS S 

control (texol tree) mcrospheres are placed directly on the CAM surface. After a 2 day exposure the vaLutetil* fe 

« a^idtopriX*^^ 



F. RfiSUltS 



40 



45 



SO 



nr . M «°^"eres prepared from 100% EVA are freely suspended in solutions of PVA but aggregated and coalesced 

o ttSSS? T"T WaShin9 in M ,0 fem0ve ,he PVA - Blendin 9 EVA £££ 
HpTii^ ^ fcf 5 . 6 ' 95 6h0W " 19 8 deCfeased ,endwic y to aggregate and coalesce when washed in n££ as 
descnbed in figure 1SA. A 50:50 blend of EVA:PLA formed microspheres with good physical stabiWyttafil "ttamfa? 
spheres remained discrete and well suspended with negligible aggregation and coalescenTe 

weiow'be^S!!"^ J* Cti0 - n miC ? >SPW * ^errrtned to be > 95% of the microsphere sample (by 
r^ZS^J ^ ** narQe 8,26 frad,on ' > 95% of ^e sample (by weight) between 30-1 00 mm nip. 
ese^escann.ng electron micrographs of taxol loaded 50:50 EVArPLA microspheres in the "small" and "laTe" sS 

noe^enL^^ 

k^T d ~°° n the 8uri8C8 01 tne mi «oapheres. The efficiency of loading 50:50 EVA?LA iSS^Z 
wrth taxol is between 95-100% at initial taxol concentrations of between 100-1000 mg taxol per 50 mo^o7vm^ThP« 

JSST ^ (S,Ulert MeSt ° ^ ^ ^ ««icSsfereSe7sSroTC ! 

"smaT lie" IS dr^ntt 6886 ^ m °/ 6 * ,oaded 50:50 EVA:p LA microspheres is shown in Figure 15D for 
SI ^ $T > 9 8,Ze (Cl0Sed CirCles) micros P h eres. The release rate studies are carried out in trio 
T r'TT* The re ' eaSe Pf0,i,es are bi * hasic wi,h an initial rapid release of W 

phase occurring over the first 4 days from both size range microspheres. This is followed by a chase oiZl Zl 

1 3% of the total taxol content of the microspheres is released in 50 days "spares. Between i o- 

FiourT^ 10 ^ 6 ?, miCr0SP I: eres (0 6% w/v ,oadina ) « tested using the CAM assay and the results are shown in 
Rgure 15E. The taxo. microspheres released sufficient drug to produceazone of avascularity in the surrounoingTJsue 
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(Figure 15F). Note that immediately adjacent to the microspheres ("MS" in Figures 15E and 15F) is an area in which 
blood vessels are completely absent (Zone 1); further from the microspheres is an area of disrupted, non-functioning 
capillaries (Zone 2); it is only at a distance of approximately 6 mm from the microspheres that the capillaries return to 
normal. In CAMs treated with control microspheres (taxol absent) there is a normal capillary network architecture. 

5 

DiSWSSiQn 

Arterial chemoembolization is a invasive surgical technique. Therefore, ideally, a chemoembolic formulation of an 
anti-angiogenic and anticancer drug such as taxol would release the drug at the tumor site at concentrations sufficient 
io for activity for a prolonged period of time, of the order of several months. EVA is a tissue compatible nondegradable pol- 
ymer which has been used extensively for the controlled delivery of macromolecules over long time periods (> 100 
days). 

EVA is initially selected as a polymeric biomaterial for preparing microspheres with taxol dispersed in the polymer 
matrix. However, microspheres prepared with 100% EVA aggregated and coalesced almost completely during the 
15 washing procedure. 

Polymers and copolymers based on lactic acid and glycolic acid are physiologically inert and biocompatible and 
degrade by hydrolysis to taxicologicaliy acceptable products. Copolymers of lactic add and glycolic acids have faster 
degradation rates than PLA and drug loaded microspheres prepared using these copolymers are unsuitable for pro- 
longed, controlled release over several months. Dollinger and Sawan blended PLA with EVA and showed that the deg- 
20 nidation lifetime of PLA is increased as the proportion of EVA in the Wend is increased. They suggested that blends of 
EVA and PLA should provide a polymer matrix with better mechanical stability and control of drug release rates than 
PLA. 

Figure 15A shows that increasing the proportion of PLA in a EVArPLA Wend decreased the extent of aggregation 
of the microsphere suspensions. Blends of 50% or less EVA in the EVA: PLA matrix produced physically staWe micro- 

25 sphere suspensions in water or PBS. A Wend of 50:50 EVA:PLA is selected for all subsequent studies. 

Different size range fractions of microspheres could be prepared by. changing the concentration of the emulsifies 
PVA. in the aqueous phase. "Small" microspheres are produced at the higher PVA concentration of 5% w/v whereas 
"large" microspheres are produced at 2.5% w/v PVA. All other production variaWes are the same for both microsphere 
size fractions. The higher concentration of emulsifier gave a more viscous aqueous dispersion medium and produced 

30 smaller droplets of polymer/taxol/DCM emulsified in the aqueous phase and thus smaller microspheres. The taxol 
loaded microspheres contained between 95-100% of the initial taxol added to the organic phase encapsulated within 
the solid microspheres. The low water solubility of taxol favoured partitioning into the organic phase containing the pW- 
ymer. 

Release rates of taxol from the 50:50 EVA:PLA microspheres are very slow with less than 15% of the loaded taxol 
35 being released in 50 days. The initial burst phase of drug release may be due to diffusion of drug from the superficial 
region of the microspheres (close to the microsphere surface). 

The mechanism of drug release from nondegradable polymeric matrices such as EVA is thought to involve the dif- 
fusion of water through the dispersed drug phase within the polymer, dissolution of the drug and diffusion of solute 
through a series of interconnecting, fluid filled pores. Blends of EVA and PLA have been shown to be immisciWe or 
40 bicontinuous over a range of 30 to 70% EVA in PLA In degradation studies in PBS buffer at 37°C. following an induction 
or lag period. PLA hydrolytically degraded and eroded from the EVA:PLA polymer blend matrix leaving an inactive, 
sponge-like skeleton. Although the induction period and rate of PLA degradation and erosion from the blended matrices 
depended on the proportion of PLA in the matrix and on process history, there is consistently little or no loss of PLA until 
after 40-50 days. 

45 Although some erosion of PLA from the 50:50 EVA: PLA microspheres may have occurred within the 50 days of the 
in vitro release rate study (Figure 15C), it is likely that the primary mechanism of drug release from the polymer Wend 
is diffusion of solute through a pore network in the polymer matrix. 

At the conclusion of the release rate study, the microspheres are analyzed from the amount of drug remaining. The 
values for the percent of taxol remaining in the 50 day incubation microsphere samples are 94% +/- 9% and 89% +/- 
so 1 2% for "large" and "small" size fraction microspheres, respectively. 

Microspheres loaded with 6mg per mg of polymer (0.6%) provided extensive inhibition of angiogenesis when 
placed on the CAM of the embryonic chick (Figures 1 5E and 1 5F). 

EXAMPLE 12 

55 

■ TAXOL ENCAPSULATION IN POLY(E-CAPROLACTONE) MICROSPHERES. INHIBITION OF ANGIOGENESIS ON 
THE CAM ASSAY BY TAXOL-LOADED MICROSPHERES 

This example evaluates the in vitro release rate profile of taxol from biodegradaWe microspheres of poly(e-caprol- 
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actone) and demonstrates the anti-angiogenic activity of taxoi released from these microspheres when placed on the 

Reagents which were utilized in these experiments include: poly(e-caprolactone) ("PCL") (molecular weioht 3S ooo 
• 45.000; purchased from Pciysciences (Warrington. PA)); dichloromethane ( W> from l-TESc^? 
ada:poi y v,nylatohol(PVP) Molecular weight 12.00 - 18.000. 99%hydro. y sed)from AWriTr narfSc? WHwauSe 

^p£d^ 

A. Preparatio n of microsphere ; 

_„ M^°sPheres are prepared essentially as described in Example 8 utilizing the solvent evaporation method Briefly 

s Iertrih,?Ji^ innJ? "^f « 9 8t 1000 rpm - at 25 ° C for 2 hours - 709 suspension of microspheres 

hr!f^m T X9,0r 10 m,nut68 (Beckman QPR >- * e supernatant removed and thTmL^eresS*S 
three tmes wrth water. The washed microspheres are airbed overnight arid stored at rocn, tenSSE SmS 

SSI"" S? ^ 8rft 88 described ^ Microspheres containing 1 m£E£ aS2 

pared. M.aospheres are sued using an optical microscope with a stage micrometer. * 

B. Encapsulation . 



C. Druo release aydjg 

^b^ 0 "* 10 1,10 01 t * xol ' ,oaded microspheres are suspended in 20 ml of 10 mM phosphate buffered saline oH 7 4 

natent is removed (after allowing the microspheres to settle at the bottom), f Stared through a 0 45 mm membrane tiL 
and retained for taxol analysis. An equal volume of PBS is replaced in each tube to maS sir^diZ^Tnh! * 
HT* U 8 "2? " 3 x 1 ml OCM. the DCM ^^SlSSS^.^^ 

£n (Sr^tp?:, a, 2 1Z (B6Ckman ISOaatC ^ 8 08 ^ «*"" ( Be *™>' - ^ detec- 

D. CAM studies 

mn iSSl ST*? are incuba,ed for 4 da * P rior to shell-less culturing. On day 6 of incubation 1 
21^££Z£!?J* C ° rtr i (,aX0MrM) "^spheres are p.aced direct.y on the CAVl'surface. Sa 2 . 

E. Scanning electron miems^py 

a JSS^^TS? ^ sputter " coated wth 9C4d and then in a Phi,ips 5016 *"* * 

F. Results 

The size range for the microsphere samples is between 30 - 1 00 mm. although there is evidence in »u <» n i i„ a H*H 

SSh^h ,S a L WayS 9reater tha " 95% for 3,1 dr ° 9 loadin 9 s stuped. Scanning electron nSSopy dem£ 

Si^S, m ' ( L 0SP ^ r f afe 811 SPhWiCal 8nd Showed a rou * h « surface r^rpriolcoy T^9^ e 3l 
to be no evidence of solid drug on the surface of the microspheres appeared 

The time courses of taxol release from 1%. 2% and 5% loaded PCL microspheres are shown in Fiaure isa Tho 

oJase JT 1? ^ ** 13X01 '° adin9 and 0ver 3 " 4 da ' s for 5% 'oaded microspheres The S 

phase of rapid release .s followed by a phase of significantly slower drug release. For microspheres containing 'i%5 
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2% taxol there is no further drug release after 21 days. At 5% taxo! loading, the microspheres had released about 20% 
of the total drug content after 21 days. 

Figure 16B shows CAMs treated with control PCL microspheres, and Figure 16C shows treatment with 5% taxol 
loaded microspheres. The CAM with the control microspheres shows a normal capillary network architecture. The CAM 
treated with taxol-PCL microspheres shows marked vascular regression and zones which are devoid of a capillary net- 
work. 

G. PiSCVSSipn, 

The solvent evaporation method of manufacturing taxoMoaded microspheres produced very high taxol encapsula- 
tion efficiencies of between 95-100%. This is due to the poor water solubility of taxol and its hydrophobic nature favour- 
ing partitioning in the organic solvent phase containing the polymer. 

The biphasic release profile for taxol is typical of the release pattern for many drugs from biodegradable polymer 
matrices. Poly(e-caprolactone) is an aliphatic polyester which can be degraded by hydrolysis under physiological con- 
ditions and it is non-toxic and tissue compatible. The degradation of PCL is significantly slower than that of the exten- 
sively investigated polymers and copolymers of lactic and glycolic acids and is therefore suitable for the design of long- 
term drug delivery systems. The initial rapid or burst phase of taxol release is thought to be due to diffusions release 
of the drug from the superficial region of the microspheres (close to the microsphere surface). Release of taxol in the 
second (slower) phase of the release profiles is not likely due to degradation or erosion of PCL because studies have 
shown that under in vitro conditions in water there is no significant weight loss or surface erosion of PCL over a 7.5- 
week period. The slower phase of taxol release is probably due to dissolution of the drug within fluid-filled pores in the 
polymer matrix and diffusion through the pores. The greater release rate at higher taxol loading is probably a result of 
a more extensive pore network within the polymer matrix. 

Taxol microspheres with 5% loading have been shown to release sufficient drug to produce extensive inhibition of 
angiogenesis when placed on the CAM. The inhibition of Wood vessel growth resulted in an avascular zone as shown 
in Figure 16C. 

EXAMPLE 13 

TAXOL-LOADED POLYMERIC FILMS COMPOSED OF ETHYLENE VINYL ACETATE AND A SURFACTANT 

Two types of films are prepared esentiaily as described in Example 10: pure EVA films loaded with taxol and 
EVA/surfactant blend films (/.e.. Pluronic F127, Span 80 and Pluronic L101) loaded with taxol. 

The surfactants being examined are two hydrophobic surfactants (Span 80 and Pluronic L 1 01 ) and one hydrophilic 
surfactant (Pluronic F127). The pluroinc surfactants are themselves polymers, which is an attractive property since they 
can be blended with EVA to optimize various drug delivery properties. Span 80 is a smaller molecule which is in some 
manner dispersed in the polymer matrix, and does not form a blend. 

Surfactants will be useful in modulating the release rates of taxol from films and optimizing certain physical param- 
eters of the films. One aspect of the surfactant blend films which indicates that drug release rates can be controlled is 
the ability to vary the rate and extent to which the compound will swell in water. Diffusion of water into a poiymer^drug 
matrix is critical to the release of drug from the carrier. Figures 17C and 17D show the degree of swelling of the films ! * 
as the level of surfactant in the blend is altered. Pure EVA films do not swell to any significant extent in over 2 months. 
However, by increasing the level of surfactant added to the EVA it is possible to increase the degree of swelling of the 
compound, and by increasing hydrophilicity swelling can also be increased. 

Results of experiments with these films are shown below in Figures 1 7A-E. Briefly. Figure 1 7A shows taxol release 
(in mg) over time from pure EVA films. Figure 17B shows the percentage of drug remaining tor the same films. As can 
be seen from these two figures, as taxol loading increases (/.e.. percentage of taxol by weight is increased), drug 
release rates increase, showing the expected concentration dependence. As taxol loading is increased, the percent 
taxol remaining in the film also increases, indicating that higher loading may be more attractive for long-term release 
formulations. 

Physical strength and elasticity of the films is assessed in Figure 17E. Briefly. Figure 17E shows stress/strain 
curves for pure EVA and EVA-Surfactant Wend films. This crude measurement of stress demonstrates that the elasticity 
of films is increased with the addition of Pluronic F127. and that the tensile strength (stress on breaking) is increased 
in a concentration dependant manner with the addition of Pluronic F127. Elasticity and strength are important consid- 
erations in designing a film which can be manipulated for particular clinical applications without causing permanent 
deformation of the compound. 

The above data demonstrates the ability of certain surfactant additives to control drug release rates and to alter the 
physical characteristics of the vehicle. 
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EXAMPLE u 

!E2?2?2!? METHOXYp OLYETHYLENE GLYCOL 350 (MEPEG) INTO POLY(E-CAPROLACTONE) TO 
DEVELOP A FORMULATION FOR THE CONTROLLED DELIVERY OF TAXOL FROM A>ASTC 

(wS^SSSX T^^JIS? WftWn 1,1686 experiments Wud. methoxypcJyethylene glycol 350 
Me PEG •Un.onCarWe.Dantxiry.CTJ.MePEGislic^amroomtenipem^ 

A. Preparation Of a MePEG/PCI ffi xol-containinn paga 

B. Analysts of mrittngnnfttf 

^Z^rTZ STpS.'S 18R a 30:70 Uend - MePEG:PCL fak6S — - ^ 6 - ^ * 2S 

C. Measurement of briltlerras «*\ 

is^ afR^e^pSl ^" ^ * 6 ne6d ' 6 P6ne,ra,6S int0 «" m ^ured. The resulting graph 

is snown as Figure 1 8C. Points are given as the average of four measurements +/• 1 S D 

D. Measurement rrf r^,, 

(PBsX WC~ ^SZ 9 ,^ 10% i: 20% M6PEG) 376 inCUba,ed in buffered saline 

lm«i;J?«i • t. ■ - 96 ,n P 01 ^ we,9ht s measured over time. As can be seen in Fiaure 18D the 

amount of weight lost increases with the concentration of MePEG originaJly present in the bind £ is E hat' £ 

J" 8 ' S , k 10 1" 6 rel6aS6 81 M6PEG from 1,16 po, * mer matrix '"to the incubating fluttrS wouW indicate tS 
taxol will readily be released from a MePEG/PCL blend since taxol is first dissolved in ^PEG beforelnccrp^afon into 

E- Effect Of varying nuantities of Me PEG on taw) t g a asa 

Thermopastes are made up containing between 0.8% and 20% MePEG in PCL These are loaded with 1% t«m 
18E. the amount of MePEG in the formulation does not affect the amount of taxol that is released. h ' 9ure 
B Effect Of varyjnn auantjtjg oj tazaj on the total amount nt jgagj r alf psed frnm . Mf PEG/Pft , ^ 

Thermopastes are male up containing 20% MePEG in PCL and loaded with between n ■x'l anft ,™ , ^ 
release of taxol over time is measured as described above. As she™ inTkS TbfZ^^ ?J^f ^ ™ 6 
time increases with increased taxol loadino When olotu* « ihe^™ ?,? T f * 13X01 released wer 

G. Strength analysis nt various MePPf ypCL blends 

A CT-40 mechanical strength tester is used to measure the strength of solid polymer "tablets- of d.ameter 0.88 cm 
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and an average thickness of 0.560 cm. The polymer tablets are blends of MePEG at concentrations of 0% 5% 1 o% or 
20%inPCL 

Results of this test are shown in Figure 18H, where both the tensile strength and the time to failure are plotted as 
a function of %MePEG in the blend. Single variable ANOVA indicated that the tablet thicknesses within each group are 
not different. As can be seen from Figure 1 8H, the addition of MePEG into PCL decreased the hardness of the resulting 
solid. 

EXAMPLE 15 

EFFECT OF TAXOL-LOADED THERMOPASTE ON ANGIOGENESIS IN VIVO 

Fertilized, domestic chick embryos were incubated for 4 days prior to shell-less culturing as described in Ex:ample 
2. The egg contents are removed from the shell and emptied into round-bottom sterilized glass bowls and covered with 
petri dish covers. 

Taxol is incorporated into thermopaste at concentrations of 5%, 10%. and 20% (w/v) essentially as described 
above (see Example 10), and used in the following experiments. Dried cut thermopaste is then heated to 60°C and 
pressed between two sheets of parafiim, flattening it and allowing it to cool. Six embryos received 20% taxoMoaded 
thermopaste and 6 embryos received unloaded thermopaste prepared in this manner. One embryo died in each group 
leaving 5 embryos in each of the control and treated groups. 

Unloaded thermopaste and thermopaste containing 20% taxol was also heated to 60°C and placed directly on the 
growing edge of each CAM at day 6 of incubation; two embryos each were treated in this manner. 

There was no observable difference in the results obtained using the different methods of administration, indicating 
that the temperature of the paste at the time of application was not a factor in the outcome. 

Thermopaste with 1 0% taxol was applied to 1 1 CAMs and unloaded thermopaste was applied to an additional 1 1 
CAMs, while 5% taxoMoaded thermopaste was applied to 1 0 CAMs and unloaded thermopaste was applied to 1 0 other 
control CAMs. After a 2 day exposure (day 8 of incubation) the vasculature was examined with the aid of a stereomicro- 
scope. Liposyn II, a white opaque solution, was injected into the CAM to increase the visibility of the vascular details. 

In the embryos treated with 5% taxoMoaded paste, only 2 animals demonstrated maximum inhibition of angiogen- 
esis, while the remaining 8 were only marginally affected. Of the animals treated with 10% taxol-loaded thermopaste 
only 2 showed maximal inhibition while the other 9 were only marginally affected. 

The 20% taxoMoaded thermopaste showed extensive areas of avascuiarity (see Figure 19B) in all 5 of the CAMs 
receiving this treatment. The highest degree of inhibition was defined as a region of avascuiarity covering 6 nun by 6 
mm in size. All of the CAMs treated with 20% taxol-loaded thermopaste displayed this degree of angiogenesis inhibi- 
tion. 

By comparison, the control (unloaded) thermopaste did not inhibit angiogenesis on the CAM (see Figure 1 9A) ; this 
higher magnification view (note that the edge of the paste is seen at the top of the image) demonstrates that the vessels 
adjacent to the paste are unaffected by the thermopaste. This suggests that the effect observed is due to the sustained 
release of taxol and is not due to the polymer itself or due to a secondary pressure effect of the paste on the developing 
vasculature. 

This study demonstrates that thermopaste releases sufficient quantities of angiogenesis inhibitor (in this case 
taxol) to inhibit the normal development of the CAM vasculature. 

EXAMPLE 16 

EFFECT OF TAXOL-LOADED THERMOPASTE ON TUMOR GROWTH AND TUMOR ANGIOGENESIS IN VIVO 

Fertilized domestic chick embryos are incubated for 3 days prior to having their shells removed. The egg contents 
are emptied by removing the shell located around the airspace, severing the interior shell membrane, perforating the 
opposite end of the shell and allowing the egg contents to gently slide out from the blunted end. The contents are emp- 
tied into round-bottom sterilized glass bowls, covered with petri dish covers and incubated at 90% relative humidity and 
3% carbon dioxide (see Example 2). < ~; 

MDAY-D2 cells (a murine lymphoid tumor) is injected into mice and allowed to grow into tumors weighing 0.5-1 .0 g. 
The mice are sacrificed, the tumor sites wiped with alcohol, excised, placed in sterile tissue culture media, and diced 
into 1 mm pieces under a laminar f tow hood. Prior to placing the dissected tumors onto the 9-day old chick embryos. 
CAM surfaces are gently scraped with a 30 gauge needle to insure tumor implantation. The tumors are then placed on 
the CAMs after 8 days of incubation (4 days after deshelling). and allowed to grow on the CAM for four days to establish 
a vascular supply. Four embryos are prepared utilizing this method, each embryo receiving 3 tumors. For these 
embryos, one tumor receives 20% taxoMoaded thermopaste. the second tumor unloaded thermopaste. and the third 
tumor no treatment. The treatments are continued for two days before the results were recorded. 
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The expianted MDAY-D2 tumors secrete angiogenic factors which induce the ingrowth of caoillaries fderivad from 
the CAM) into the tumor mass and allow it to oontjnue to grow in size. Since all the v^eted ftetarnor are derh/ed from 
the CAM. while all the tumor cells are derived from the explant. it is possible to aWtha 3^S^JST 

lo^ttwrnopaste on: (a) .nh.brt.ng the vascularization of the tumor and (b) inhibiting the growth of the tomorle?* 

strati Si^TnT'f 05 "*? histolooical of feed tissues from this study demon- 

T^Jl T 9 ' * e tUm0fS treated 20% loaded thermopaste. there was a reduction in thenuni^of 

hST ? ^^f 0 " £ nUmber 01 ^ vessels in the periphery of the tumor (the area wrnchttSy 
the most highly vasculare .n a solid tumor) when compared to control tumors. The tumors began to diZS 
and mass dunng the two days the study was conducted. Additionally, numerous tn*£taU* TwS^n X 

seen arrested in mitoSB. All 4 embryos showed a consistent pattern with the 20% taxol-loaded thermooaste success, 
ing tumor vascularity while the unloaded thermopaste had noeffect. <»ea tnermopaste suppress- 

By comparison, in CAMs treated with unloaded thermopaste. the tumors were we&lscularized with an increase 
.n the number and densrty of vessels when compared to that of the normal surmundinXe^ Tm^ 
vessels than were observed in the tumors treated wrth taxol-loaded paste. The newly fqMvessefs eme^ me 3 
from all angles appearmg like spokes attached to trie center of a wheel (see Rgur« X tSSS £Z 
contnued to .ncrease in size and mass during the course of the study. Histologically. 2|£ m^llS^l 
.llar.es were seen ,n the periphery of the tumor and few endothelial were seen to be sSK^ThTt^S. 
was well vascularized and viable throughout. " ^3 aw,s,on - 1 ne tumor «ssue 

As an example, in two similarly-sized (initially, at the time of explanation) tumors pfaMo on the same CAM the tel 
low,ng data was obtained For thetumor treated wim 20% ta^-loTed 

mm: the immediate periphery of the tumor has 14 blood vessels, while ^ZT^^S^^SX 
Z^Z SET' TS? th J' rm0PaSte ^ tumor s^e was 623 mm x 678 mm; thZmi^pSeJIi 
Ert Si ^™ ™ Wood vessels In addition, the surroSg CAM 

rtseH wmaned many more blood vessels as compared to the area surrounding the taxol-treaied tumor 

1mJH!SS!^!SS!: T thefm0paSt l re,eases sufficiem * angiogenesis inhibitor (in this case 

taxoQ to .nh.brt the patholog.cal angiogenesis which accompanies tumor growth and development Under these cond.* 
tons angiogenesis is maximally stimulated by the tumor cells which produce angiogenic factors caoabte 5 

"3d * z—* from 8ufroundin ° m *• ,unw »■» The mrscits. 

of biockmg th,s process and limiting the abiirty of the tumor tissue to maintain an adeau^oWsIicTT^s rSSS 
EXAMPLE 17 

So C RMOD A E N L G,OGENESIS ,NH,BTOR - L0ADED THERMOPASTE ON TUMOR GROWTH ,n Vivo IN A MURINE 

tic andanfiamim^' 02 tunwrmodel may be used to examine the effect of local slow release of the chemotherapeu- 
te and anb-ang.ogen.c compounds such as taxol on tumor growth, tumor metastasis, and animal survival The MDAY- 
D2 tumor cell l.ne is grown in a cell suspension consisting of 5% Fetal Calf Serum in alpha mem mldta The Li Z 
incubated at 37-C in a humidified atmosphere supplemented wrth 5% carton diortde irt »7S J2f i a^acSt is 

2? 3 ^™T number * 081,5 are 0bwne<1 Fo,kwin 9 *• «™^»^!^r«J5S2 by 

Ten week old DBA/2j female mice are acclimatized for 3-4 days after arrival. Each mouse is then iniected suhenta 
neo^ymtheposteriotateral flank with too.000 MDAY-D2 cells in lOOmlof PBS. PreviouTS^a Je Swn thS£ 
procedure produces a visible tumor at the injection site in 3-4 days, reach aspect d^^pSSs 
v.s.We metastases in the liver 19-25 days post-injection. Depending upon the objective of the studyTSeSSnT 
venton can be instituted at any point in the progression of the disease ve o. me stuay a therapeutic inter- 
the above animal model. 20 mice are injected wrth 140.000 MDAY-D2 cells sc. and the tumors allowed to 

S!^ ^ drug-loaded thermopaste or control thermopaste without disturbing the existing tumor tissue 
and the v^rri was closed. The groups of 5 received either no treatment (wound merely closed) polymer Jm aton? 
10% taxol-loaded thermopaste. or 20% taxol-loaded thermopaste (only 4 animals injected) S artedldS toTe 
tumor site. On day ,6. the mice were sacrrtced. the tumors were d ssected and mJX££%XS££& 
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for tumor growth, tumor metastasis, local and systemic toxicity resulting from the treatment, effect on wound healing 
effect on tumor vascularity, and condition of the paste remaining at the incision site. 
The weights of the tumors for each animal is shown in the table below: 



Table IV 
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Tumor Weights (gm) 


Animal No. 


Control (empty) 


Control (PCL) 


10%Taxol Thermo- 
paste 


20% Taxol Thermo- 
paste 


1 


1.387 


1.137 


0.487 


0.114 


2 


0.589 


0.763 


0.589 


0.192 


3 


0.461 


0.525 


0.447 


0.071 


4 


0.606 


0.282 


0.274 


0.042 


5 


0.353 


0.277 


0.362 




Mean 


0.6808 


0.6040 


0.4318 


0.1048 


Std. Deviation 


0.4078 


0.3761 


0.1202 


0.0653 


P Value 




0.7647 


0.358 


0.036 



Thermcpaste loaded with 20% taxol reduced tumor growth by over 85% (average we^dfeoS) as compared to control 
animals (average weight 0.681 ). Animals treated with thermopaste alone or thermopalfe containing 1 0% taxol had only 
modest effects on tumor growth; tumor weights were reduced by only 10% and 35% respectively (Figure 21 A) There- 
fore, thermopaste containing 20% taxol was more effective in reducing tumor growth than thermopaste containing 10% 
taxol (see Figure 21 C; see also Figure 21 B). 

Thermopaste was detected in some of the animals at the site of administration. Polymer varying in weight between 
0.026 g to 0.078 g was detected in 8 of 15 mice. Every animal in the group containing 20% taxol-loaded thermopaste 
contained some residual polymer suggesting that it was less susceptfcle to dissolution. Histologically, the tumors 
treated with taxoi-loaded thermopaste contained lower cellularity and more tissue necrosis than control tumors The 
vasculature was reduced and endothelial ceils were frequently seen to be arrested in cell division. The taxol-loaded 
thermopaste did not appear to affect the integrity or cellularity of the skin or tissues surrounding the tumor Grossly 
wound healing was unaffected. 

EXAMPLE 18 

THE USE OF ANGIOGENESIS-INHIBITOR LOADED SURGICAL FILMS IN THE PREVENTION OF IATROGENIC 
METASTATIC SEEDING OF TUMOR CELLS DURING CANCER RESECTION SURGERY 

As a sterile, pliable, stretchable drug-polymer compound would be useful during cancer resection procedures 
Often it is desirable to isolate the normal surrounding tissues from malignant tissue during resection operations to pre- 
vent iatrogenic spread of the disease to adjacent organs through inadvertent contamination by cancer cells A drug- 
loaded paraf ilm could be stretched across normal tissues prior to manipulation of the tumor. This would be most useful 
if placed around the liver and other abdominal contents during bowel cancer resection surgery to prevent intraperitoneal 
spread ol the disease to the liver. A biodegradable film could be left in situ to provide continued protection. 

Incision sites are also a common location of post-operative recurrence of malignancy. This is thought to be due to 
contamination of the wound site with tumor cells during the surgical procedure. To address these issues, experiments 
are being conducted to determine the ability of angiogenesis inhibitor-loaded films to prevent this phenomenon. 

A. Materials and Mmhrxlrt .... 

• «. 

Preparation of Surgical Film. Surgical films are prepared as described in Example 10. Thin films measuring approxi- 
mately 1 cm x 1 cm are prepared containing either polymer alone (PCL) or PCL loaded with 5% taxol. 
Rat Hepatic Tumor Model. In an initial study Wistar rats weighing approximately 300 g underwent general anesthesia 
and a 3-5 cm abdominal incision is made along the midline. In the largest hepatic lobe, a 1 cm incision is made in the 
hepatic parenchyma and part of the liver edge is resected. A concentration of 1 million live 9L Glioma tumor cells (eluted 
from tissue culture immediately prior to the procedure) suspended in 1 00 ml of phosphate buffered saline are deposited 
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onto the cut liver edge with a 30 gauge needle. The surgical is then placed over th«r,*r u 

cells and affixed in place with Gelfoam. Two artimateVecS \PCL fSms fX - ** " m8 ' n,n9 ** tumor 

films containing PCL alone. The abdominal wa-TdoSJ S, 3 1 \oZZZ£S? '*° t 



B. Results 



10 



Local tumour growth is seen in the 2 livers treated with Dolvmer alone Bnth * 
are completely free of tumour when examined NstolodcaT KbSL!f*T trea,edwrtn P 0 '*" 1 * P' u * taxol 
grown comply over the polymeric f 3m ITS* ^ 'tr 6 ""* 

--^-ereis^^ 



' 5 C. Discusaoq 



This study indicates that surgical films placed around normal tissue* ann , 
capable of decreasing the incidence of acbdirtsl ^ZLT^Z . ^ a8l0n 8,168 dur,n ° 8ur B er V "*y be 
resection of maligrj J^^^^S^^S^l^ T ^ su ™*'"9 tissue during 
recurrence of the disease ' P *" ,nCldenCe ° f the 8,9ni,icant P roo,em of post-operative local 
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has Men eta* s» m. w suss a !^f?* ™* "•■"■"""y""!*.** 

IhCSJ concsfVations wil piove to bs^ flk***Vmoel^^B^Inl^rtrffrtBj^' MCl ^*' M ^ 0 ' V ^ *** hiannsf. a* hijfi 

The rabbit inflammatory arthritis and osteoarthritis models are being used to evaluate the , ■« m ™- 
reducing synovitis and cartilage degradation Deoenerativa arthritic Z ^ ~TJ evaJuat . e the use 01 microspheres in 
and meniscus of the knee. After 4?6«Hta m5TS27«£I? * " ^ ,ear 0f 11,6 CTUcia,e lament 

human osteoarthritis WlanXtorv a^^ ,he Carti,a9e similar ,0 »* *served in 

Complete Freunds AfcSm £ 1 we^S^T"^ 8 ?'" 8 "* ^ Serum albumen in 
articular injection of B^K> !^' 9 "* * ,U * B8A 8ntib0dy receive an in » a - 

Inflammatory arthritis is induced as described above Aft** a ^ I / ^ 
taining 5% taxol or vehitfe. One group tttttSSiSSli ttJSSZS tf* ^ 
examined histologically for inflammation anri hLZ T ^! y another on day 28. The joints are 

-cro^eresca^^ 

arthrS^ * - osteoadhrit, mode,. Brief, degenerate 

taxol or vehicle only) on day 4^IS2^SS^T^J^' W ^ injeCti0n 01 "*wipha«a (5% 
for evidence of carlge gradation SaCn " Ced °" day 21 and *» 42 and tne *** examined histologically 

tact 'efge^: 6 ,0 **— via intraarticular microspheres as chonOropro- 
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into Jhe'STeeS^ " ^ «"* 

graph of synov,umfrom PBS^^edSTur^a^lH r" 22A ,0 °' ^ F ' 9ure 22A fe a »*» 

joints, figure 22B is a photograph of joints injected with microspheres. Figure 22C 
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is a photograph of cartilage from joints injected with PBS. and Figure 220 is a photograph of cartilage from joints 
injected-with microspheres. 

As can be seen from these photographs, histologically, there is no difference between joints receiving a micro- 
sphere injection and those which did not. Clinically, there was no evidence of joint inflammation during the 14 days the 
experiment was conducted. Grossly, there is no evidence of joint inflammation or cartilage damage in pints where 
microspheres are injected, as compared to untreated normal joints. 

Qonclusipns 

Microspheres can be injected intra-articularly without causing any discernible changes to the joint surface. This 
indicates that this method may be an effective means of delivering a targeted, sustained-release of disease- modifying 
agents to diseased joints, while minimizing the toxicity which could be associated with the systemic administration of 
such biologically active compounds. 

As discussed above, microspheres can be formulated into specific sizes with defined drug release Kinetics, it has 
also been demonstrated that taxd is a potent inhibitor of angiogenesis and that it is released from microspheres in 
quantities sufficient to block neovascularization on the CAM assay. Therefore, intraarticular administration of angiogen- 
esis-inhibitor-ioaded (e.g., taxoHoaded) microspheres should be capable of blocking the neovascularization that 
occurs in diseases such as rheumatoid arthritis and leads to cartilage destruction in the joint. In this manner the drug- 
loaded microspheres can act as a "chondroprotective" agent which protects the cartilage from irreversible destruction 
from invading neovascular pannus tissue. 

From the foregoing, it will be appreciated that although specific embodiments of the invention have been described 
herein for purposes of illustration, various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended claims. 
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(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (206) 622-4900 

(B) TELEFAX: (206) 632-6031 

(C) TELEX: 3723836 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Cys Asp Pro Gly Tyr lie Gly Ser Arg 
1 5 



(2) INFORMATION FOR SEQ ID N0:1: 



Claims 



1. 



A conposition, comprising: 



(a) an anti-angiogenic factor: and 

(b) a polymeric carrier. 



2. 



The composition according to claim 1 wherein said composition is formed into microspheres having an average 
size of between 0.5 and 200 urn. 



3. 



The composition according to claim 1 wherein said composition is formed into a film with a thickness of between 
100 urn and 2 mm. 



4. 



The- composition according to claim 1 wherein said composition is liquid above 45°C. and solid or semi-solid at 
37*C. 



5. 



The composition according to claim 1 wherein said polymeric carrier is poly(ethylene-vinyl acetate) (40% 
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crosslinked). 



w 



15 



20 



6. The composition according to claim i wherein said polymeric carrier is copolymer of lactic acid art, g !y oolic acid. 

7. The composition according to claim 1 wherein said polymeric carrier is poly (caprolactone). 

8. The composition according to claim 1 wherein said polymeric carrier is poly (lactic acid). 

9 ' SSST" aCCWdin9 ta ^ 1 Wh6r6in POlymeriC iS 3 « < lac * acid) and poly 

12. Use according to claim 1 1 wherein said blood vessel nourishes a tumor. 

13 ' iSS£SSS. *• ' Umen °' 8 b0d/ PaSSa96Way ' a 9"*"* tubutar structure coated wrth an 

14. A stent according to claim 13 wherein said stent is a vascular stent. 

Tissue Inhtotor of Metalloprotemases and retinoic acids, and tax* or an analogue ore derivative thereof 
16. A stent according to any one of claims 13 to 15 tor treating narrowing of a body passageway. v 
30 17. A graft, coated with an anti-angiogenic factor. 

35 19. A graft according to any one of claims 17 or 18 tor treating neointimal hyperplasia. 

*o 21 . Use according to claim 20 wherein said angiogenesis-dependent disease is a neovascular disease of the eye. 
22. Use according to daim 20 wnerein said angiogenesis-dependent disease is selected from the grouo consist™ of 

M " TfsLe^K^.fl? 6rein ^J^^fiooenic factor ,s selected from the group consisting of. suramin 
Tissue inhfcitor of Metalloprotetnases and retinoic acids, and taxol. or an analogue or derivative thereof. 

24. Use according to claim 20 wherein said composition further comprises a polymeric carrier. 
25 ' eSsSn sTer 08 ''' 0 " °° mPriSin9 " factor tor *• nocture of a medicament tor treating tumor 

26 * SLUfSS *.? Hi. 2 * WhWein 831,3 fa «° r * selected from the group consisting of suramin 

Tissue Inhb.tor of Meta.loprote.nases and retinoic acids, and taxol. or an ana.ogue or derivative THUS 

27. Use according tc - 2 ;m 25 wherein said composition further comprises a polymeric carrier. 



45 



SO 



55 



40 



EP0797 988A2 




EP0 797988 A2 




FIG. IE 
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FIG. 2A 





FIG. 2. 
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FIG. 2D 
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FIG. 3C 
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FIG. 5. 
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FIG. 6. 
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WEIGHT OF SURAMIN IN 1 ml OF 5% ELYAX (mg) 

FIG. 7. 



2.000 




J 



4 6 8 10 12 , 4 

WEIGHT OF SURAMIN IN 1 ml OF 5% ELVAX (mg) 

FIG. 8. 



16 



48 



EP0797988 A2 





49 



EP0797 988A2 




50 



EP0 797988 A2 




51 



EP0 797 988 A2 




52 



EP0797988A2 




FIG. 15A. 
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FIG. 15D. 
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FIG. 16A. 
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FIG. 16B 
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RELEASE OF TAXOL FROM EVA FILMS 



-— 1% TAXOL FILM 
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FIG. 17 A. 
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1.45- 



SWELLING OF EVA/F127 
FILMS WITH NO TAXOL 

-•- EVA 100% / F127 0% 
-o- EVA 95% / F127 5% 
EVA 75% / F127 25% 



r 



0.95- 



0.45- 



I 



4 



i — ■ 



0.05-r 



20 



60 



40 

TIME (DAYS) 



80 



100 



FIG. 17C. 



63 



EP0797988A2 



0.70- 



0.45- 



SWELLING OF EVA/SPAN 80 
FILMS WITH NO TAXOL 
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EVA 75% / SPAN 25% 



0.20- 



-0.05 4 




40 60 80 

TIME (DAYS) 



100 



120 



FIG. 17D. 
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STRESS/STRAIN CURVE OF EVA AND 
BLEND FILMS CONTAINING EVA/F127 
-o-EVA 100% /.F127 0% 
-o- EVA 95% / F127 5% 
-+-EVA 75% / F127 25% 
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FIG. 18C. 
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FIG. 20A 




FIG. 20B 
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FIG. 2QB 
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FIG. 21 A. 
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